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March ig 24 

FERN RUSTS OF ABIES 

H. P. Bell 

(with plates i~v and ten figures) 

Introduction 

The fern rusts of Abies include most of the species of the genus 
Uredinopsis, and possibly at least one species of Ilyalopsora, 
There are a number of other rusts that parasitize Abies, representing 
a number of distinct genera; but those of Uredinopsis, the main 
theme of the present research, arc the most frequent and perhaps 
the foremost in interest and importance. This is certainly true 
in the case of Abies balsamea. 

Many problems have presented themselves during the course 
of the investigations of this genus, but among them three types 
have proved to be especially attractive. First, there are many 
unsolved problems regarding structure, sporogenesis, and phylogeny. 
A second complex deals with the phenomena of heteroecism, 
biological strains, and hence the exact delimitation of species. 
A third group calls for recognition, namely, a determination of the 
amount and the effect of the injury caused to their hosts by the 
various species of Uredinopsis, for not infrequently they are respon¬ 
sible for extensive damage to the new foliage of balsam hrs, particu¬ 
larly the younger trees, and one species, newly described, modifies 
the conformation of its host. It is to the first set of problems that 
most attention has been given, but the others have not altogether 
been overlooked. 
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While Uredifwpsis is the principal subject matter of these studies, 
a limited place has been given to Hyalopsora, since infections of 
Hyalopsora on one of the fern hosts were so frequently encountered, 
in such close association with Uredinopsis^ that they appeared to 
have a bearing on certain of the Uredinopsis problems. The 
results in this connection have exceeded expectations, for through 
the discovery of a second new Peridermium on Abies, and preliminary 
inoculation experiments, there is now good reason to believe that 
Hyalopsora should be listed among the fern rusts of balsam. If so, 
a new field of inquiry is opened up. 

The materials for this research were obtained mainly from the 
Timagami Forest Reserve in the Province of Ontario, a forest 
area of upward of 6,000 square miles, l3ring about 300 miles north 
of Lake Ontario, and one that is richly covered with the balsam fir. 

Taxonomy 

Uredinopsis is one of the three genera of rusts known to parasitize 
ferns. It was founded by Magnus (18) in 1892 on the type species 
£/'. filicina (Niessl) Magnus. He studied this fungus (a form then 
known as Protomyces ? jilicinus Niessl) as it occurs on Phegopteris 
vulgaris Metten, and discovered that in addition to the so-called 
^^stylospores,^^ since shown to be urediniospores, there were hyaline 
spores imbedded in the leaf parenchyma. These he called endo- 
spores, and because of the existence of this additional spore form 
he placed the fungus in a new genus, which he called Uredinopsis, 
and he renamed this species £/. filicina (Niessl) P. Magnus. In 
1895 Stormer (23) observed and reported a second Uredinopsis on 
Onoclea Struthiopteridis (L.) Hoffm., which he found in Norway 
near Christiania, and named it U, Struthiopteridis. 

It remained for Dietel (6), however, to discover that the fungi 
placed in this new genus Uredinopsis were rusts. In 1895, while 
working on U. Struthiopteridis Stormer, he germinated the hyaline 
spores discovered by Magnus, and found that they gave rise to the 
typical four-celled promycelia of the Uredineae. Thus these 
spores were demonstrated to be teliospores, and the fungi producing 
them were accordingly classified as rusts. Dietel also described 
the two known European species of Uredinopsis, U. filicina (Niessl) 
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Magnus and U, Struihiopteridis Stormer. He also described and 
named U. Pteridis^ a rust on Pteris aquilinay which had been sent 
to him from California. 

Up to this time the European mycologists were not aware that 
Peck had antedated them (1872) by describing a parasite on 
Onoclea sensibilis L. which later was recognized to be a Uredinopsis. 
Peck interpreted this fungus as one of the Fungi imperfecti, and 
named it Septoria mirahilis. In 1904, Magnus, after reviewing 
Farlow and Seymour’s list (9), and a more recent publication by 
H. and P. Sydow (24), in which they described a supposedly new 
form, U, americana (Sydow) on Onoclea sensibilis, re-named Peck’s 
fungus U. mirabilis (Peck) P. Magnus, and interpreted U. ameri¬ 
cana Sydow as a synonym. He also reported that he had received 
from America, through Professor G. F. Atkinson, specimens of 
two new species of Uredinopsis. One, on Aspidium Thelypteris 
(L.) Sw., he named U. Atkinsonii; the other, on Osmunda cinna- 
momea L., he named U. Osmundae. 

About a month before the publication of the work by Magnus, 
Sydow (25) had published the description of another species for 
America, U, Copelandi on Athyrium cyclosorum Rupr. Three 
years later, Arthur (2) published a complete list of the North 
American species of Uredinopsis, and included in it still another 
new species which he had found on Phegopteris Dryopteris (L.) 
Fee, and which he named U. Phegopteridis. In 1906 Arthur (i) 
had substituted for Uredinopsis the name Milesia of White (29), 
but he immediately abandoned this name, for, as stated by Grove 
{14), ‘‘the genus Milesia is now dropped, because it was founded 
on an imperfect state which might belong to any one of several 
genera.” Arthur’s list includes seven species: U. mirabilis, 
U. Struihiopteridis, U. Osmunda, U. Atkinsonii, U. Phegopteridis, 
U. Pteridis, and U. Copelandi. Of these, U. Struihiopteridis is 
found in both Europe and America, and the remainder in America 
only; U.Jilicina is apparently restricted to Europe. 

The genus as a whole was so far described as occurring solely 
on ferns and possessing teliospores and two other spore forms. The 
main features in the descriptions can be summarized as follows. 
Teliospores, of one to four or more cells, were described as being 
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scattered throughout the mesophyll. One of the other spore forms 
was always recognized as being thin-walled, colorless or white in 
mass, fusiform, beaked, and usually appendaged. This form was 
supposed to be borne singly on pedicels, and was observed and 
reported by all investigators. The third form was not reported 
for all species; it was illustrated as thick-walled, irregularly oval, 
and borne singly on pedicels. The identity of the teliospores had 
been proven by Dietel (6). The fusiform spores germinated 
readily and immediately in a drop of water, and were recognized 
by all as urediniospores, but the function of the thick-walled spores 
was not understood. They had not been germinated except in one 
instance by Dietel, who called them single-celled teliospores. 
Magnus considered them a second form of urediniospore; and 
Arthue, for lack of a better name, described them tentatively as 
aeciospores. 

In 1913-14 considerable advance was made in the knowledge 
of the life history of Uredinopsis by Fraser (12, 13). He carried 
out inoculation experiments on the five species, which he had 
reported for Nova Scotia in 1910 (10), namely, U. mirabilis, U, 
Struihiopteridis^ U, Osmundae, U, Aikinsoniij and U. Phegopleridisy 
and demonstrated that Feridermium balsamcum Peck was the 
aecial stage of these rusts. This was the first announcement that 
Uredinopsis is characterized by heteroecism. In 1917 Weir and 
Hubert (27) made a further ad^jance by connecting a peridermium 
on Abies grandis Lindl. and A, lasiocarpa Nutt, with Uredinopsis 
Pteridis on Pteris aquilina L. {Pteridium aquilinum pubescens). 

Some confusion unfortunately has arisen regarding the identity 
of the Peridermium which Weir and Hubert referred to as Uredin¬ 
opsis Pteridis. This is due apparently to lack of experimentation; 
they now regard the, Peridermium as something new. Jackson 
(15), however, claims that it is identical with Peridermium pseudo- 
halsameum (D. and H.) Arthur and Kern (3), and lists it as such. 
In absence of evidence to the contrary, I shall follow Jackson^s 
example and refer to it as Peridermium pseudo-halsameum. 

A further difference of opinion has arisen in regard to the 
identity of the previously described Peridermium balsameum< and 
P. pseudo-halsameum. Weir and Hubert claim that they are 
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the same, but it should be noted that there appear to be certain 
decided differences between the two. Thus, in P. balsameum the 
thickness of the aeciospore wall is 1-1.5 and the pycnia are 
in section hemispherical, 100-130 fi broad, 30-50 ii high ”; whereas 
in P. pseudo-balsameum the thickness of the aeciospore wall is 
2.5-3.5 and the pycnia are “globose, large, 160-175/4 broad’’ 

(3). If, in addition to these differences, P. pseudo^balsamcum 
attacks the second year needles, there should be no difficulty in 
distinguishing between these two, for in the east P. balsameum 
attacks the first year needles only. In this case there could not 
be much doubt that the Peridermium on the second year needles 
which Weir and Hubert associated with Uredinopsis Pleridis is 
really P. pseudo-balsameum. 

There still remains the question of the life cycle of Uredinopsis 
Copelandi, On the basis of moiqihology only, Weir and Hubert 
consider that it should be regarded as a synonym of U, Pteridis. 
On the other hand, from observations made on the distribution of 
U. Copelandi in the field, Jackson concludes that it should be 
connected with Peridermium balsameum on Abies grandis and A, 
nobilis. It is impossible to decide between these conflicting views 
until the life history of U. Copelandi has ])een worked out by means 
of inoculation experiments. 

After reviewing the work of these investigators, the life histories 
of the species of Uredinopsis as demonstrated by inoculation can be 
summarized as follows. U, mirahilis, U. Struthiopteridis, U, 
OsmundaCy U. Atkinsonii, and U. Phegopteridis have stages 11 and 
III on various species of ferns, hut for each its own special set of 
hosts, and stages 0 and I (as Peridermium balsameum) on Abies 
balsamea, U. Pteridis has stages II and III on Pteris aquilina {Peri¬ 
dermium aquilinum pubescens), and stages 0 and I (as Peridermium 
pseudo-balsameum) on Abies grandis, A. amabilis, and A. lasiocarpa, 
U, Copelandi has stages II and III on Athyrium cydosorum, but I 
have not been able to find any record of experimental work con¬ 
necting this species with an aecial stage. 

Reference should next be made to discussions among various 
students of the rusts regarding the individuality of the species of 
Uredinopsis as listed by Arthur. This subject involves the ques- 
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tion of morphological species as contrasted with biological species, 
a distinction which has been overlooked in many of the conclusions 
reached. Frasjer appears to be the only one who has approached 
this matter from an experimental point of view. In 1913 (13) he 
carried out cross inoculations with species of U, mirabiliSy demon¬ 
strating that the spores of this species would infect its own fern 
host only, namely Onoclea sensibilisy and that other f^ms remained 
free even after< repeated attempts and most careful inoculation. 
He considered this suiBcient evidence on which to establish U. 
mirabilis as a distinct species. His statement on the subject is as 
follows: These experiments confirm the work of last year and 
indicate clearly that Uredinopsis mirabilis is a distinct species.’^ 
This is as far as Fraser went. Another statement, to the effect 
that “the species of the genus Uredinopsis are not separated by 
any marked morphological differences’’ (13), has left him open 
to a misunderstanding on the part of some recent writers. Thus 
Weir and Hubert state: “Fraser in his last article came to the 
conclusion that all five species with which he had been working 
were identical with the exception of U. mirabilis, On reviewing 
Fraser’s papers, I could not find any statement which could 
strictly be interpreted in that way. The latter quotation from 
Fraser appears to be his only pronouncement on the subject, 
and in that he certainly does not go as far as Weir and Hubert 
suggest. ♦ 

The last two investigators have made an extensive comparison 
of the sizes of the spores of Uredinopsis, After examining the 
measurements they obtained, and reviewing the publications of 
Arthur and Fraser, they conclude that on morphological grounds 
all the species of Uredinopsis should be grouped in two divisions, 
namely, U, mirabiliSy with U, StruthiopteridiSy U. Osmundae, 
U, Atkinsoniiy and U, Phegopieridis as synonyms; and U, Pleridis 
with U, Copelandi as a synonym, A different grouping of one of 
these species is suggested by Jackson (15). After a comparison 
of morphological characters, he concludes that U, Atkinsonii is 
the same as U, Copelandi, The idea of combining species is carried 
to the extreme by Rhoads, Hedgcock, Bethel, and Hartley (22), 
who record only one species of Uredinopsisy namely, U, mirabilisy 
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and list all others named by Arthur as synonyms. They quote 
Fraser and Weir and Hubert in supposed support of this idea. 

It appears to me to be still premature to recast the species of 
Uredinopsis as given by Arthur. There are questions which 
should first be solved, and also certain physiological and morpho¬ 
logical differences that cannot be overlooked. For instance, the 
aecial stage of U. Copelandi has never been demonstrated by 
inoculation experiments, and yet such work is necessary before any 
statement can be made regarding the complete life history of this 
species. Also, Weir and Hubert point out that, as the aecial 
stage of U, Pkridis attacks the second year needles and not 
the young ones, the life history of this rust may be decidedly 
different from such a species as U. mirabilis^ the aecial stage of 
which attacks young needles only. They suggest that the teli- 
ospores of U. Pkridis germinate in the late summer, and that 
the rust overwinters as mycelium in the Abies leaf. This may 
or may not be the correct explanation. In any case, the fact that 
the age of the needles attacked varies from species to species and 
yet is constant within each species, indicates the existence of a 
marked physiological difference. Of the forms which have come 
under my observation in the Timagami Forest Reserve, U. 
Phegopkridis occurs in great profusion early in the season, and lasts 
on the fern throughout most of the summer. U. Atkinsonii can 
also be found throughout the summer, but it occurs in small quanti¬ 
ties only; U. mirabilis and U, Osmundae appear in large quantities 
during the last of July and August and mature rapidly. Of these 
two U, Osmundae is the more common. For the locality mentioned 
these conditions are constant. As for the morphology of these 
rusts, minor but constant variations are just as pronounced. The 
difference between the thicknesses of the acciospore wall of Peri- 
dermium balsameum and P. pseudo-balsameum has already been 
noted. In U. Osmundae the layer-like character of teliospores is 
more highly developed than in any other species. This shows 
clearly in figs. 23 and 24. This feature of U. Osmundae has been 
noted by many investigators and is constant for the species. Other 
minor differences have been noted, such as extent of spore produc¬ 
tion, size of pustule, color of infected area, etc., and although these 
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differences are very small, yet they appear to be constant. Thus 
the evidence would indicate that the number of species as given by 
Arthur should certainly not be reduced. 

Spore forms of Uredinopsis 

Fraser and Weir and Hubert in their experimental work 
demonstrated that all six of the species of Uredinopsis investigated 
are heteroecious, and that they produce all the ordinary rust spore 
forms, pycnospores, aeciospores, urediniospores, and teliospores. 
In addition to these, as already noted, Magnus called attention to 
single-celled thick-walled spores found in pustules along with the 
uredinia in certain species. From a histological point of view 
very little that is new has been observed with reference to the 
aeciospores; the greatest interest attached to them is in the times 
of their appearance for the different species, and in the ages of the 
needles on which they occur. On the other hand, the pycnia are 
of distinct interest, especially in a comparative study of the pycnia 
rust types found on the needles of Abies. An account of these is 
given with the description of new species in the latter part of this 
paper. An extended study has been made of the other spore forms, 
detailed accounts of which follow. 

Single-celled thick-walled spores 

Reference has already been made to the diversity of views held 
with regard to the single-celled thick-walled spores described by 
Magnus. They have been variously interpreted as resting 
urediniospores, teliospores, and aeciospores, but, so far as I can 
find, no record exists of any demonstration of their function by 
means of inoculation tests. As a matter of fact, neither their 
identity as Uredinopsis spores nor their function has ever been 
proved. 

Unlike the appendaged fusiform urediniospore. this thick-walled 
form has not been reported for all species of Uredinopsis. Of the 
seven rusts of this genus listed by Arthur, the thick-walled spores 
are unknown'^ in the case of three, U. Osmundae, U. Pteridis, and 
U. Pkegopleridis. Also investigators have reported this spore 
form as missing even from examples of species where it was supposed 
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to occur. For instance, Fraser (12), who must have collected and 
examined a large amount of material, states that “the spores, 
which have been regarded as acciospores, were rarely present in 
the collections.” In my own experience I have repeatedly hunted 
for these spores on Onoclea sensihilis^ Osmunda clayloniana, and Asp- 
lenium felix-foemina, but without finding them in a single instance, 
although the ferns were heavily infected with their respective 
species of Uredinopsis and showed an abundance of fusiform 
urediniospores and teliospores. It is significant also that since 
the publication of the work of Fraser connecting Uredinopsis 
on the fern with an aecial stage on the balsam, the literature contains 
practically no mention of this thick-walled spore. The references 
to it are found chiefly in the earlier articles written by Magnus 
and Dietel, and these investigators must have worked chiefly 
with dried material. 

The persistence of Dietel and Magnus in insisting on the 
existence of these spores as a phase in the life history of Uredinopsis 
is explainable in one of three ways: (i) that they do occur in certain 
species growing in certain localities, but not at all or irregularly 
in others; (2) that they are atypical urediniospores borne in young 
or suppressed pustules; and (3) that they really belong to some 
other species of rust simultaneously parasitizing the same host as 
the Uredinopsis. My experience would suggest that the third 
explanation is worthy of consideration. 

I have observed thick-walled spores produced in great abundance 
on Phegopteris Dryopteris. In some cases small quantities of these 
spores were associated with rich productions of the fusiform 
urediniosf)ore of Uredinopsis Phegopleridis. In such instances the 
thick-walled spores conformed to the spore type referred to 
Uredinopsisy and they were borne chiefly in unbroken pustules. 
At times they appeared to be coming out of the same pustule as 
the white filaments of the beaked fusiform urediniospores, but on 
close examination and sectioning, it was always found that the 
pustules of the two kinds were really separate. In the same 
district the Phegopteris Dryopteris was infected with Ilyalopsora 
Aspidiotus (Peck) Magn. This was compared with H. Polypodii- 
dryopteriMs Magn. (H. Aspidiotus) no. 2395 of the Sydow 
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Exsiccati. The two were found to be identical. This same 
H* Aspidiotus was then in turn compared with the thick-walled 
spores found with the Uredinopsis, and these two also were identical. 
On studying the distribution of the two spore forms in question, 
I found three conditions, as follows: (i) ferns infected with only 
the fusiform appendaged spores; (2) ferns infected with only the 
oval thick-walled spores; and (3) ferns infected with both spore 
forms. These three conditions often occurred close together, and 
also each condition was found by itself, and often some distance 
from patches of fern infected in either of the other ways. 

To test this matter experimentally, on July 20, 1921 ,1 obtained 
four boxes of Phegopteris Dryopteris plants, free from disease, with 
from two to four plants in each box. None of the ferns in the 
vicinity from which these ferns were collected was infected with 
Uredinopsis or Hyalopsora at that time or at any other time during 
the summer. I inoculated the ferns in two boxes with the beaked 
fusiform urediniospores, and kept the ferns in the other two boxes 
as controls. The spores used for these inoculations were taken 
from ferns carrying both kinds of spores. On July 29 pustules 
giving off white filaments of the beaked fusiform urediniospores 
had developed on the inoculated ferns; but pustules of the thick- 
walled spores did not develop either then or later. The controls 
remained free from any infection. 

While examining and identifying the spores of Hyalopsora and 
the thick-walled spores found with the Uredinopsis, I was at first 
at a loss to know whether they were stalked or sessile. From the 
descriptions of these spores in the manuals, it appeared to be 
necessary to decide this point before making a satisfactory identifica¬ 
tion. In mounts made from scrapings of either Hyalopsora or the 
thick-walled type associated with the Uredinopsis, most of the 
spores had no stalk; but occasionally spores were observed with an 
apparent stalk attached. Also in hand sections most spores 
appeared to be sessile, but here and there a spore would appear to 
be borne on a pedicel The literature on this subject is contra¬ 
dictory. Arthur (2) describes both the spores of Hyalopsora and 
the so-called thickwalled spores of Uredinopsis as being borne on 
pedicels. Grove (14) describes those of Hyalopsora as sessile. 
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and those referred to Uredinopsis as stalked. On the other hand, 
Bartholomew (4) has illustrated a sorus of Hyalopsora containing 
spores borne on fairly long stalks. My own studies on this feature 
were based on microtome and hand sections from carefully killed 
and fixed material. In the sections made they appear as illustrated 
in text figs, i and 2. The spore is the terminal cell of a row, and 
if these basal sterile cells come away with the spore, they look like 
a stalk. Of course, any increase in the spaces between these rows 
of basal cells invariably accentuates this stalklike appearance. 



Figs, i, 2. —^Urediniospores of Hyalopsora Aspidiotus^ showing basal or stalklike 
cells; X9S3- 


Thus Bartholomew^, who used a dissecting and teasing-out method, 
reports that the spores are always borne on pedicels. In the same 
way, the slightest deterioration in material (such as would be caused 
by a strong killing fluid), a slight delay between time of collecting 
and killing, and of course drying, causes these basal cells to collapse 
and assume more and more the appearance of specialized stalks, 
and it will be recalled that many of the original descriptions were 
made from dried plants. In most preparations, however, in what¬ 
ever way made, these rows of cells form a compact mass at the base 
of the pustule, and the spores appear to be sessile. Thus although 
the thick-walled spores associated with Uredinopsis, in regard to 
their stalks, have been described differently from the urediniospores 
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of Hyalopsoray I found them to be identical in this respect. Whether 
they should be considered as stalked or sessile remains an open 
question. 

Still another difficulty arose in regard to the color of the thick- 
walled spore, and here also the descriptions in the manuals differ. 
Although these spores often have a distinct and characteristic 
shade, too much reliance cannot be placed on this point, especially 
in cases where the description states the color in terms which do not 
permit any variation, for I have found yellow and colorless thick- 
walled spores in the same pustule. Also, on certain material which 
was collected, pressed, and dried, the spores when fresh were a 
glistening goldeii yellow, but some months afterward, when 
thoroughly dried, most of the spores showed very little color, and 
many were absolutely colorless. In all cases observed the wall was 
always colorless. Thus again we find an instance in which the 
drying of the plants used in making the original descriptions, or 
perhaps a difference in the age or preparation of specimen, may 
account for the fact that these spores were sometimes described 
as yellow, and sometimes as colorless. 

This evidence suggests that the thick-walled spores attributed 
to Uredinopsis in some instances at least have been really spores of 
Hyalopsora; and in cases where they were reported as being found 
with a Uredinopsis spore form, the host was really infected with 
two distinct organisms. Of course, infection work, especially with 
the reputed thick-walled spores of Uredinopsis, will be necessary 
to really prove this. 

Before leaving this subject a brief comment should be made on 
two suggestions made by German investigators. First they laid 
great stress on the fact that the thick-walled spores are often 
borne in unbroken pustules, and on these grounds they conclude 
that the thick-walled spore might be a suppressed form of the 
beaked urediniospores. I have also observed a large number of 
unbroken pustules of these spores (fig. 21), and found them associ¬ 
ated chiefly with a predominant growth of Uredinopsis and a rich 
production of the fusiform urediniospores of that genus. No 
difference could be detected, however, between the thick-walled 
spores in the unbroken pustules and those in the pustules which 
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were broken open and discharging their spores, except that the 
spores in the unbroken pustules were often smaller and immature. 
Likewise, I do not find that there is any gradual transition between 
the thick-walled, oval spores and the thin-walled, beaked, fusiform 
urediniospores. I have examined unbroken pustules of each, and 
the many characters which clearly separate the mature spores can 
easily be detected in the young pustules, provided the proper 
technique is employed. Of course, each form varies so greatly 
that, if the young growths were examined on dried or poorly 
preserved material, the changes from the normal form might be 
such that the two kinds of spores and the pustules in which they 
are contained would appear to be very much alike. 

Secondly, if, as Magnus suggested, this thick-walled spore is a 
second form of Uredinopsis urediniospore, one might expect the 
general characters of the two forms to be more alike than they are. 
For instance, the beaked fusiform spores are consistently hypophyl- 
lous, whereas the thick-walled oval spores are amphigenous. In 
fact, the latter are borne in a very irregular manner. Instances 
were observed in a number of different pustules where spores 
were borne on both sides of the mycelial mat. P'ig. 27 shows this 
condition. In the section photographed only one spore sho^ws on 
the inner side, but there were several in the other sections of the 
series through this pustule. In one striking case a spore had 
developed in the center of the mycelial mat at the base of the 
pustule (fig. 28). No such irregularity is found in the distribution 
of the beaked fusiform urediniospore. 

Urediniospores 

The urediniospores of Uredinopsis are unique in form and in 
method of discharge. They are large, colorless, fusiform, single 
cells, usually appendaged, and, being slightly adhesive, emerge 
from the pustules in which they are produced in narrow ribbon or 
tendril-like masses, quite after the manner of the conidia of many 
of the imperfect fungi. The uredinial pustules are lined by a 
peridium consisting of binucleate cells, and the floor is made up of 
a mass of interlacing threads divided into binucleate cells; from 
this basal pad the binucleate spores originate. Hitherto the 
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urediniospores have been supposed to arise singly and not catenu- 
lately, and on this ground the genus finds its place in the accepted 
systems of classification. In my studies of these spores special 
attention has been given to their mode of origin, supplementing by 
comparative studies on other suggestive forms; incidentally observa¬ 
tions have been made on their markings and mode of germination. 
The only histological work which has been done on Uredinopsis 
is that of Dietel (6) and Magnus (19, 20), apparently using hand 
sections and dried material only. They observed the peridium, but 
did not recognize the method by which the urediniospores were 
produced. They believed that these spores were borne singly on 
the floor of the uredinium, a conclusion not to be wondered at when 
the imperfections of the material used are taken into consideration. 

Method of production. —The species examined in my studies 
of urediniospore production are U. mirahilis, V. OsmundaCy U. 
Atkinsoniiy and U. Phegopteridis. The last named rust, which 
parasitizes Phegopteris DryopteriSy proved to be best adapted for 
this purpose. Figs. 1-15 and text figs. 3-10 were all drawn from 
specimens of that species. The material was collected in the 
Timagami Forest Reserve, Ontario, during the summers of 1919, 
1921, and 1922. Some of it was killed in picro-sublimate and some 
in Flemming’s weak chrom-acetic osmic solution. It was imbedded 
in parafiin, cut in sections 7 ii thick, and stained with iron alum 
haematoxylin, and either erythrosin or acid fuchsin as counter 
stains. 

In collecting this material, I found it advisable to obtain it 
after a period of dry weather. The spores under such conditions 
escape from the sorus in a streamlike manner, often forming quite 
a long curved threadlike mass (text figs. 4, 5). This white thread 
or ribbon is seen through the microscope to be a mass of spores 
closely packed together; when flattened out slightly under the 
cover-glass, it appears as it is in part illustrated in text fig. 6. 
During a rain storm the spore tendrils and the mature spores in the 
pustules become dispersed, and a collection made at such a time 
may include many empty pustules. 

In sections prepared in this way the development of an individual 
spore can usually be followed quite clearly. At first it is a roundish, 
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Figs. 3-10.—Fig. 3, five immature urediniospores of Uredinopsis, illustrating 
peculiar shapes assumed during development; X827. Fig. 4, pinna from frond of 
Phegopteris Dryoptens^ illustrating uredinia and method of urediniospore discharge; 
X2. Fig. 5, ^ngle pinnule of P. Dryopteris^ showing uredinia and method of uredi- 
nio^ore dis^arge (infected leaf islets darkened); X29. Fig. 6, portion of one of 
tendrils of discharging uredinio^res as it appears under microscope when crushed 
out under cover glass; X315. Fig. 7, germinating urediniosiiore of Uredinopsis, germ 
tubes coming from diagonally opposite pores; X827. Fig. 3 , germinating urediniospore 
of UredinopsiSf both germ tubra conung from pores at apical or distm end; X827. 
Fig. 9) same/with both germ tubes comii^ from pores at basal or proximal end; X827. 
Fig. 10, same, with both germ tubes coming from pores on one side of spore; X827. 
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binucleate cell in the outer portion of the matted hyphae at the 
base of the sorus (ligs. 1-3). This cell elongates and divides into 
two (figs. 4-6). The outer one elongates further and the inner one 
continues to divide. As these cells are cut off in this catenulate 
fashion, they at once begin to develop the fusiform shape of the 
mature spores. At the same time the connections between them 
become very narrow and delicate, and, as the spores mature, it is 
often impossible to distinguish the connecting walls. Figs. 8-11, 
showing the gradual development of the spore, were drawn from 
examples where the connection could still be distinguished. It is 
not usual to find more than three cells in an unbroken row. By 
this time the distal cell has nearly reached its complete development 
as a spore, and becomes detached by breaking the delicate wall 
connecting it with the cell immediately following (fig. 7). The 
remnant of the broken connection can be seen at the base of nearly 
all mature spores (figs. 12-15). 

In a mature sorus so many separated spores become packed 
together that their catenulate origin would not be suspected except 
after a very close examination of the base of the pustule, and this 
is the stage at which the rust is usually collected (fig. 2). In a 
young sorus, when the spores are not fully developed, the catenulate 
formation is at once evident (fig. i). 

During the early stages of development, the spores appear to 
be very much crowded together; and often assume unusual shapes 
(text fig. 3). This crowding, and the narrowing of the connection 
between the cells, may play a part in the formation of the beak and 
appendage. That is, if the connection becomes drawn out and very 
narrow, and then breaks away from one spore, it may form an 
appendage for the other spore. This is also suggested by the fact 
that spores have often been observed with two appendages, one 
at each end. Others have an appendage at the proximal end only, 
and some have no appendage at all. As the break occurs most 
frequently as illustrated in fig. 7, however, the appendage may 
possibly not originate in this way, for it is not quite clear how the 
formation of a delicate appendage could result from such a wide 
and blunt connection. Although these irregular forms of spores 
are often seen, the most usual form is as illustrated in fig. 13. Such 



1924] 


BELI^RUSTS OF ABIES 


17 


spores are appendaged on the distal end only, are more or less 
blunt, and show the remains of the original connection at the 
proximal end. Another very common form is illustrated in fig. 15, 
similar to fig. 13, except that the spore represented has no appendage, 
and often possesses a longer and thicker beak. 

A knowledge of the catcnulate mode of origin of the uredinio- 
spores of Uredinopsis is of importance, in that it throws light on the 
natural relationships of the genera of the Uredinaceae (Melampsor- 
aceae). Most authorities (2, 8) have grouped the genera of this 
family in the same general way. For instance, Arthur presents 
four sub-families, namely, the Uredinatae, the Pucciniastratae, 
the Chrysomyxatae, and the Cronartiatae. In only one of these, 
the Chrysomyxatae (containing the single genus Melampsoropsis), 
arc the urediniospores described as catenulate; in the other three 
sub-families these spores are described as being “borne singly on 
pedicels.” This classification as defined has already been shown to 
be inadequate, for investigations made on Pucciniaslnm Agrimoniae 
by Ludwig and Rees (17) for Pmciniaslrmn, and investigations 
on Melampsorella elaiina by Magnus (20) and Liro (16) for 
Mclampsorella have demonstrated the existence of catenulate 
urediniospores for these forms. While no further work has been 
published on other species of these genera, it is to be anticipated 
that they will show the same feature. These two genera were 
grouped by Arthur with Uredinopsis^ Ilyalopsora, and other 
genera in the sub-family Pucciniastratae. Ludwig and Rees 
pointed out that a readjustment was necessary, and on the basis 
of the data then at hand they suggested a new classification of this 
sub-family. They divide the Pucciniastratae into two groups, 
according to the existence or non-existence of catenulate uredinio¬ 
spores, and include all fern rusts in the non-catenulate group. 
As my investigations on the urediniospores of Uredinopsis indicate 
that they are catenulate, however, it is evident that their classifica¬ 
tion demands a second revision. 

In order to have some check on my work on the urediniospores 
of Uredinopsis^ I have examined the uredinia of Pucciniastrum 
pustulatum on Epilobium angustifolium and E, adenocaulon; and 
of Melampsorella elaiina on Stellaria graminea and Cerastium 
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vulgatufn» Photographs of sections made from these are shown in 
figs. 30, 31, 29, and 32 respectively. As explained by Ludwig and 
Rees, very little can be learned from the arrangement of the mature 
spores in a pustule; it is only in an immature sorus that the fertile 
cells’ or potential spores retain their original positions. If the 
spores are given off in chains for any particular species, however, 
this phenomenon is indicated by the arrangement of the producing 
and developing cells at the base of even an old pustule. Decidedly 
young stages for any one of these four forms were not at my disposal, 
but the arrangement of the cells at the bases of their matui*e 
fructifications, and the stages in spore formation which were 
observable in the cells contiguous to the bases, certainly suggested 
that their urediniospores are produced in chains. On comparing the 
preparations made from these rusts with those made from the mature 
pustules of UredinopsiSj I found that the chained condition was even 
more apparent in Uredinopsis than in any one of the others. 

Markings. —Throughout this study I have had many oppor¬ 
tunities of examining the wall of the urediniospores of Uredinopsis 
with reference to their surface markings. The wall of these spores 
has commonly been described as being characterized by “two 
opposite longitudinal thickened ridges bearing single rows of 
minute projections(2). Occasionally I have observed a certain 
unevenness of their walls which exhibit the appearance as described, 
but in the great majority of cases*the closest examination of material 
failed to reveal any such markings. The outside of the wall is seen 
best in perfectly fresh material examined in a dry mount; when 
wet the surface always appears to be smooth. In ^a suitable 
preparation the surface looks smooth for the main part, but here 
and there throughout are irregular minute projections, rough 
patches, and lines. Sometimes, as just stated, these surface 
markings appear to have a symmetrical arrangement and size, but 
usually they are irregular in every way. 

Germination. —^The urediniospores of Uredinopsis germinate 
•in a very characteristic manner, as has already been described by 
Fraser (11), as follows: 

Germ tubes emerged from germ pores, two placed near the beak and two 
near the base of the spore. The germ tube was that of the usual uredospore 
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but very small. Two germ tubes only emerged from each spore on germination, 
usually one from the oppositely placed pores either at the apex or base, but 
sometimes both on the same side of the spore. 

These more usual methods of germination as described by Fraser 
are illustrated in text figs. 8-10, and text fig. 7 gives the outline 
of a germinating spore with the two tubes coming from diagonally 
opix)site pores. 

Teliospores 

The teliospores of Uredinopsis Osmundae, U, mirahilis^ and 
U, Plwgopteridis were collected and examined. The principal 
point of interest brought out was the discovery of their typical 
mode of distribution within the tissues of their host. The regular 
position for these spores was found to be just within the epidermis, 
and not “scattered through the mesophylF^ as is usually stated. 
Occasionally some do occur in the intercellular spaces of the meso- 
phyll, but these are few compared with the large number of spores 
which form a layer immediately under the epidermis, and most 
frequently under the lower epidermis. This is strikingly true of 
Z 7 . Osmundae, a feature which is shown in figs. 23 and 24, photo¬ 
graphs of sections 7 m in thickness. This layer-like grouping of 
the teliospores for U, Osmundae was observed and reported by 
Magnus (19). The same arrangement under the epidermis is 
illustrated for U. mirabilis in fig. 26, and for U. Phegopteridis in 
fig. 22. In both of the latter species they are more widely sepa¬ 
rated than in U. Osmundae, but in all three they are similarly 
disposed in a layer. 

By the time the teliospores are mature the infected portions of 
the host are usually decidedly withered and not normal, as might be 
inferred from Dietel^s illustration (6, pi. 26, fig. 12). This withered 
condition is exhibited in figs. 22-26. Likewise the infected patches 
are yellow and are always limited by the fibrovascular bundles of 
the leaf (fig. 20); that is to say, the area of a lesion is that of a leaf 
islet. This limiting of an affected area is shown in fig, 25, in which 
the leaf veinlet located to the right of the center is seen to separate 
the withered shrunken tissue on the one side from the normal 
leaf tissue on the other. 
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New species 

During the progress of this work two new species of Peridermium 
have been found on Abies balsameay and a new form on Poly podium 
vulgare, all of them in the Timagami Forest Reserve. There is good 
reason to believe that all three are fern rusts of the balsam^ and so 
an account of them properly linds a place in this paper. The last 
named is a species of Uredinopsis (U, polypodophila), the first to 
be reported for the common polypody. Its teliospores have not 
yet been observed, but the urediniospores were studied carefully, 
both from fresh material and thin stained microtome sections 
(fig. 42), and they are so characteristic that this fungus is unhesi¬ 
tatingly referred to the genus Uredinopsis. One of the peculiar 
features of this rust in comparison with other fern rusts is that it 
apparently fruits only on overwintered fronds; at all events, it 
has not been found on fronds of the current season. 

Of the two species of Peridermium^ one of them (P. pycnogrande) 
appears to be the alternate stage of the new Uredinopsis on Poly^ 
podium vulgare. Although this relationship has not been established 
by infection experiments, it is noteworthy that the two (the Perider¬ 
mium on the balsam and the Uredinopsis on the common polypody) 
were always found together. This association was observed in 
many localities widely separated from one another. Likewise 
both hosts remained free from infection whenever they were found 
growing at some distance from one another. 

This Peridermium is one of the most remarkable that attacks 
the balsam, not for its size or color, for in both of these features it 
resembles P. balsameum, but for the age of the needles on which it 
occurs, and its unusually large pycnia. It is always found on old 
needles, from two to eight years of age, whereas the other known 
species of Peridermium of the balsam, with the single exception of 
the one pointed out by Weir and Hubert (27) on the second year 
needles, are restricted to the new growth. The affected needles 
turn pale green, but are never blanched as those infected with 
P. balsameum. 

The needles which bear the peridermia usually drop from the 
tree in the course of the following winter. This fact is indicated 
by the bared stretches of branch axes (figs. 17,18) found contiguous 
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to groups of infected needles. In order to establish this point, 
however, observations were made on certain living balsams in the 
Timagami Forest Reserve. Trees bearing branches which carried 
large, closely placed needles heavily infected with this Peridermium 
were chosen during the summer of 1921, and the limits of the infec¬ 
tion were carefully marked. These marked branches were observed 
again in June 1922. By that time most of the needles which carried 
the infection during the summer of 1921 had dropped olT, and later 
in the summer the needles adjacent to, but just outside the infection 
limits of the previous season, developed the typical white peridermia 
and large pycnia. An occasional needle which carried the infection 
of 1921 remained on the branch and developed peridermia again in 
1922, in which case the blackened scars left by the 1921 peridermia 
could always be seen on the under surface of the leaf. Very 
commonly, too, the infected portions are associated with a peculiar 
multiplication of twigs, producing a loose broom effect (figs. 16, 19). 
These brooms are not found on a newly infected portion, but 
develop from year to year with the progress of the rust. This 
abnormal increase of branches never produces a dense mass of 
twigs, as in the case of Mclampsorella elatina^ but all the characters 
of a thicker broom are exhibited, although on a smaller scale. 
There is also a change in the normal direction of growth (figs. t 6, 
19). Fig. 19 shows the final loose broomlike effect. 

The bark from infected branches was examined and fungus 
threads were found growing among the cells of the cortex. As 
yet, howe^'er, no work has been done to prove that the mycelium 
observed belonged to the same organism which produced the 
peridermia on the leaf, but the presence of fungus threads among the 
cells of the cortex, associated wdth the spread of the fungus from 
year to year up and down the branch, and the stimulation of the tree 
to abnormal growth, suggest that this Peridermium is perennial on 
Abies halsamea. 

The second Peridermium {P. pycnoconspicuum) appears to be 
the alternate stage of Hyalopsora Aspidiotus (Peck) Magnus. 
The balsams affected with it were found constantly associated with 
Phegopkris Dryopteris bearing a copious growth of H. Aspidiotus, 
To test this relationship experimentally, preliminary tests were 
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made as follows. On June 24, 1922, four boxes of Phegopteris 
Dryopteris free from disease, two plants in each box, were removed 
to the laboratory from a locality free from Hyalopsora and 
UredinopsiSf and which remained free for the rest of the summer. 
The ferns in three of the boxes were inoculated with the yellow 
aeciospores of this second new Peridermium^ and were then left 
in a moist chamber for two days. They were then placed out of 
doors in a location far removed from other plants of Phegopteris 
Dryopteris, and at least two miles from any known infection of the 
Hyalopsora, The ferns in the fourth box were kept as controls. 
On July 12 pustules giving off the typical golden-yellow spores of 
Hyalopsora had developed on both plants in one of the boxes. 
A few days later one of the plants in a second box showed a similar 
infection; thus three out of the six inoculated ferns were infected 
with H, Aspidiotus, which may be considered a fair showing in view 
of the advanced age of the aecia from which the inoculum was 
taken, and some days of dry weather to which these delicate ferns 
were subjected. The controls remained free from infection. 
While tliese experiments cannot be considered as final, the results 
obtained from them and the phenomena of association in the field 
are strongly indicative of the suggested relationship. 

There have been many speculations regarding the aecial stage 
of Hyalopsora, It has always been regarded as a peculiar genus, 
and its life history has been imperfectly understood and variously 
explained. Several investigators have assumed that the aecial 
stage of Hyalopsora might be found on a conifer, and some inocula¬ 
tion experiments have been made by them, although without 
success. Bartholomew (4), after studying this rust on the ferns, 
was convinced that its alternate stage would be found on conifers. 
Several years previous Bubak (5) had made cross inoculations on 
Abies and Pinus, Dietel (7) in 1911 made further tests, and 
according to P. and H. Sydow (26), BubAk and Klebahn inocu¬ 
lated, but without success, species of Abies, Picea, Larix, and Pinus 
with telia of H, Aspidiotus, Weir and Hubert (28) report that 
they made similar unsuccessful inoculations on spedes of Abies, 
Tsuga, and Pteris (Pteridium), Inddentally it may be noted that 
the last named investigators carried out tests that would indicate 
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that the urediniospores of H, Aspidiotus and H, Polypodii may 
winter over. Further, in none of the studies on this genus has there 
been any report of inoculations in the other direction, that is, 
from a Peridermium to the fern host. Thus the experiment re¬ 
ported in this paper is the first evidence obtained by means of 
inoculation that Hyalopsora is a heteroecious rust, and that its 
aecial stage actually exists on a conifer. 

This Peridermium has also proved to be interesting in comparison 
with the other species of Peridermium found on Abies halsamea. 
It is one of the earliest to appear. It is shorter than most others, 
and characterized by an early apical dehiscence of bright yellow 
spores. The affected needles are pale greenish and rather sparsely 
scattered. One of the most striking things observed was the fact 
that the rust appears to be restricted to the needles of the third 
previous year. Thus of twenty-nine specimens taken at random 
in June 1922, the rust was found in every instance on the needles 
of 1920 only, but perhaps the most important feature of all is the 
occurrence of conspicuous yellow^ish pycnia of very large size. 

The discovery of such unusual pycnia lends added interest to a 
comparative study of the pycnia of the rusts found on the balsam. 
A complete survey of this subject would involve an examination of 
the pycnia of various species of Pucciniastrum, Melampsora, 
Melampsorella, Hyalopsora^ and Uredinopsis. Incidentally it may 
be in place here to report that occasional pycnia were found associ¬ 
ated with the peridermia of Calyptospora columnaris; but even the 
studies reported herewith indicate that the pycnia are very impor¬ 
tant diagnostic structures. To demonstrate this it will be sufficient 
to call attention to the pycnia of four species of Peridermium on 
Abies balsamea^ namely, P. balsameum {Uredinopsis on the fern), 
P. pycnogrande (probably U, polypodophila on Poly podium vulgare)^ 
P. pycnoconspicuum (probably Hyalopsora Aspidiotus on Phegopteris 
Dryopteris)y and Pucciniastrum pustulatum (telial stage on Epilobium 
angustifolium). Taking these in order, the distinguishing characters 
of their pycnia can be summarized as follows. 

The pycnia of Peridermium balsameum (figs. 33, 34) are irregu¬ 
larly scattered; inconspicuous on the exterior; when mature 
extended both above and below the epidermis; in section 
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hemispherical to spherical; comparatively small, 100-130broad 
by 30-50 M high. 

The pycnia of P. pycnogrande (figs. 38, 39) are alternated 
regularly with the peridermia; inconspicuous on the exterior; 
subepidermal, deep seated in the mesophyll; in section conspicuous 
and spherical; large, 180-250/x in diameter. 

The pycnia of P. pycnoconspicuum (figs. 35-37) are alternated 
either regularly or irregularly with the peridermia, and sometimes 
in rows without any peridermia; conspicuous as round yellow spots 
on the exterior; extended well past the epidermis into the mesophyll; 
in section conspicuous and oval in outline; large, 400-500/x long 
by 90-120 /X deep. 

The pycnia of Pucciniastrum pusiulatum (figs. 40, 41) are 
irregularly scattered; easily seen with a hand lens, but not conspicu¬ 
ous on the exterior; subcuticular and superficial, the epidermal 
cells being only partially occupied; in section flattened; small. 
50-110 fx broad by 20-30 /x high. 

The type specimens of the new species are deposited in the 
herbarium of the Department of Botany of the University of 
Toronto. The detailed description of them follows. 

Peridermium pycnogrande, n. sp.—O. Pycnia hypophyllous, 
alternating with aecia in two rows, one on each side of midrib, 
forming distinct but not conspicuous light spots on the under 
surface. In section of leaf conspicuous, subepidermal, deep seated 
in the mesophyll, oblong or spherical, i8o"25om in diameter. 

I. Aecia from mycelium freely, distributed through mesophyll, 
hypophyllous, in two rows, one on each side of midrib, cylindrical, 
0.25-0.3 mm. in diameter, and often i mm. high; peridermium 
colorless, delicate, rupturing at apex, becoming irregularly lacerate, 
cells elongated, 17-25X32-47 m, walls thick, 2.5~3.4 g, verrucose, 
overlapping; aeciospores globoid or broadly ellipsoid, 18-24X22- 
30 /X, wall colorless, rather thin, 0.8-1.3 /x, verrucose. 

On A hies halsamea (L.) Mill, on two to eight*year old leaves, foimd near 
Polypodium vulgare around Lake Timagami, Ontario, Canada, appearing during 
July, August, and early September. 

Peridermium pycnogrande, sp. nov.— 0 . Pycnidiis hypophyllis 
cum aecidiis alternis in duo series utrimque ad nervum dispositis 
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in maculis pallidis, distinctis sed non conspicuis, paginae inferioris; 
secto folio conspicuis, subepidermicis, penitus in mesophyllo 
insidentibus, oblongis v. sphaericis, 180 250 fx diam. 

I. Aecidiis c mycelio orientibus copiose per mesophyllum 
distributo, hypophyllis, in duo series utrimque ad nervum dispositis, 
cylindratis, 0.25-0.3 mm. diam., saepc 1 mm. alt. Peridio hyalino 
delicato, apice erumpente, deinde irregulariter lacerato, cellulis 
clongatis, 17-25 X32-47/x, parietibus crassis, 2.5-3)11, verrucosis 
imbruatis; aecidiosporis globoedis v. late ellipsoideis, 18-24X22- 
30 ju, tunica hyalina, subtenui, 0.8-1.5 ju, verrucosa. 

Hah. in 2-8 annorum foliis Ahietis halsameae (L.) Mill, prope Polypodium 
vulgtire circum Lacum T’imagami, Ontario, Canada, mensibus Julio, Augusto, 
et Septembri. 

Uredinopsis polypodophila, n. sp.—II. Urcdinia hypophyllous, 
few, minute, pale yellowish brown, o.2-0.4 i^rn* across; peridium 
irregularly dehiscent, spores exuded in white filiform mass; uredinio- 
spores oval or fusiform, 45-55X15-23 n, acute or acuminate above, 
with an apex often prolonged into a moderately strong beak 5-12 {x 
long; wall colorless, thin, r ju, smooth. 

III. Not observed. 

On Poly podium vulgarc L., on fronds of tlic previous summer, found in 
shade of young balsam trees around Lake I'imagami, Ontario, Canada, appear¬ 
ing during July, August, and early September. 

Uredinopsis polypodophila, sp. nov.—II. Uredosoris hypo¬ 
phyllis, paucis, minutis, pallide flavobrunneis, 0.2-0.4 mm. diam., 
peridermio irregulariter dehiscente; sporis in molem albam 
filiformcm exeuntibus; urediniosporis ovoideis vel fusiformibus, 
45~55 X15-23 M) in super acutis vel acuminatis, apice saepc in 
rostrum moderate firmum 5-13 fx longum producto, tunica hyalina, 
tenui, I fx levi. 

III. Teleutosporis ignotis. 

Hab. in foliis anni praeteriti Polypodii vulgaris L. sub umbra arborum 
juniorum Ahietis halsamae, circum Lacum Timagami, Ontario, Canada, 
mensibus Julio, Augusto, et Septembri. 

Peridermium pycnoconspicuum, n. sp.— 0 . Pycnia hypophyllous, 
alternating irregularly with aecia in two rows, one on each side of 
midrib, forming conspicuous round yellow spots on the under 
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surface. In section of leaf conspicuous, oval, subepidermal, 
400-500 IX long by 90-120 n deep. 

I. Aecia from mycelium freely distributed through mesophyll, 
hypophyllous in two rows, one on each side of midrib, bladder-like, 
spherical, low, 0.4-0.5 mm. in diameter and often only 0.2 mm. 
hifeh; peridium colorless, delicate, rupturing at apex, cells oblong, 
15-20X18-32 M, walls thick, 2-3 ii; aedospores globoid or broadly 
ellipsoid, 13-18X15-25/1, yellow; wall colorless, thin, verrucose. 

On Abies balsamea (L.) Mill, on leaves of the third previous season; that 
is, the collections of 1922 occurred on the needles of 1920. Found near 
Phegopteris Dryopteris affected with Hyalopsora Aspidiotus around Lake 
Timagami, Ontario, Canada, appearing during June. 

Peridermium pycnoconspicuum, sp. nov.—O. Pycnidiis hypo- 
phyllis cum aecidiis in duas series irregulariter altemantibus 
utrimque ad nervum dispositis in maculis orbiculatis fulvis 
conspicuis paginae inferioris; secto folio conspicuis, ovatis sub- 
epidermicis, 400-500 ix long, 90X120 /a alt. 

I. Aecidiis e mycelio copiose per mesophyllum distribute, 
hypophyllis in duas series utrimque ad nervum dispositis, vesicae 
similibus, sphericis, depressis, 0.4-0.5 mm. diam., et saepe 0.2 mm. 
modo alt; peridio hyaline, delicate, apice erumpente, cellulis 
oblongis, 15-20X18-32/4, parietibus crassis, 2-3/4; aeciosporis 
globoedis vel late ellipsoideis, 13-18X15-25/4, clarissime; fulvis 
tunica hyalina, tenui, verrucosa. * 

Hab. in tertii anni antecedentis ioUisAbieHs balsameae (L.) Mill. i.e. anni 
1922 collationes in foliis anni 1920 inventae sunt. Prope Phegopterim 
Dryopterim Hyalopsora Aspidiota affectis circum Lacum Timagami, Ontario, 
Canada, mense Junio. 

Summary 

1. Uredinopsis, originally defined as a genus of imperfect 
fungi parasitic on ferns, was proved to be a genus of rusts by Dietel 
in 1895. Heteroecism in Uredinopsis was first demonstrated by 
Fraser in 1913, when by means of inoculation experiments he 
established the relationship of some of the species to Peridermium 
balsameum* 

2. The genus is characterized by four recognized types of spores: 
aedospores, pycnospores, urediniospores, and teliospores. In 
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addition, some of the earlier investigators described a more or less 
irregularly occurring form on the fern host, interpreted variously 
as resting urediniospores, one-celled teliospores, and aeciospores. 
Studies recorded in this paper suggest that in some cases at least 
the urediniospores of a Hyalopsora have been misinterpreted as 
spores of the Uredinopsis. This type has never been found for 
any species studied, and a wide range of material was examined. 

3 The urediniospores of Uredinopsis, unique because of their 
large size, fusiform shape, terminal appendages, and their emergence 
in spore horns, have heretofore been described as being borne 
singly. They are now shown to be produced in chains. Thus 
Uredinopsis should be grouped among those genera which are 
characterized by catenulate uredinio.spores. 

4. No distinct evidence of constant markings on the uredinio¬ 
spores could be established. 

5. Fraser’s account of the germination of the urediniospores 
is confirmed. 

6. Teliospores of Uredinopsis Osmundac, U. mirabilis, and 
f/. Phegopteridis have been studied carefully, and are found to 
occur in a more or a less regular layer immediately under the 
epidermis, and not irregularly scattered through the mesophyll, as 
commonly stated. 

7. Three new species are described, namely, Peridermium 
pycnogrande and P. pycnoconspicuum, both on Abies balsamea, 
and Uredinopsis polypodophila on Poly podium vulgare. 

8. Balsams affected with Peridermium pycnogrande were found 
commonly associated with the common polypody affected with 
Uredinopsis polypodophila^ and field evidence indicates a connection 
between the two. The peridermia of this species are white through¬ 
out, and are accompanied by pycnia of very large size. This rust 
is also remarkable in that it occurs on needles from two to eight 
years of age and never on needles of the current season. This 
fuffgus is responsible for the growth of loose brooms in which it 
appears to be perennial. 

9. Balsams affected with Peridermium pycnoconspicuum were 
found constantly associated with the oak fern Phegopteris Dryopleris 
affected with the uredinial stage of the rust Hyalopsora Aspidiolus 
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(Peck) Magnus. Field associations and preliminary culture 
experiments indicate that this peridermium is the accial stage of 
Hyalopsora Aspidiotus. This is the first evidence indicating the 
heteroecism of any species of Hyalo psora. The peridermia of 
Peridermium pycnoconspicuum are columnar, the aeciospores are 
yellow, and the pycnia are large and conspicuous. The rust was 
found only on needles of the third previous season; that is, the 
collections of 1922 occurred on the still adhering needles of 1920. 

10. The pycnia of Peridermium halsameum^ P. pycnograndey 
P. pycnoconspicuumj and Pucciniastrum puslulalum are here 
described and compared photographically; and they are shown to be 
distinctly characteristic for each species, and hence are important 
diagnostic features. 

This work was done under the direction of Professor J. H. 
Faull, University of Toronto, to whom I am indebted, not only 
for material and certain illustrations, but also for advice and 
assistance at every stage of this work. The investigations con¬ 
ducted during 1919 were made possible by a studentship awarded 
by the Honorary Advisory Council for Scientific and Industrial 
Research for Canada; and the summer work of 1921 and 1922 by a 
grant from the Special Research Fund of the University of Toronto. 

I wish to express my obligations to both the institutions from which 
this assistance wks received. 1 am also under obligations to the 
Ontario Forestry Branch of the Department of Lands and Forests 
for the facilities extended in their laboratory in the Timagami 
Forest Reserve. For the translation of my English descriptions 
into Latin I am indebted to Miss Mary Needier. 

Dalhousie University 
Halifax, N.S. 
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EXPLANATION OF PLATES I-V 

Fig. 1.—Camera ludda drawing of immature uredinium of Uredinopsis 
Phegopteridis on Phegopteris Dryopteris; X9S3. 

Fig. 2.—Composite drawing of mature uredinium of Uredinopsis Phegopter¬ 
idis on Phegopteris Dryopteris; X282. ■ , 

Figs, —Stages in development of urediniospore of Uredinopsis. 

Fig. 3.—^Young spore in first stage of development amongst mycelium at 
baseofsorus; X827. 

Fig. 4.—Spore as in fig. 3, after one division; X827. 

Fig. 5.—^Later stage; there has been a second division in lower spore; 
cross wall is being formed; X827. 

Fig. 6.—Condition following that illustrated in fig. 5; small round cells 
starting to elongate; X827. 

Fig. 7.—^Two cells of spore chain; distal cell is almost a mature spore 
(common form of development); X827. 

Fig. 8.—^Protoplasm of two spores just starting to separate, leaving cell 
wall free; X827. 

Figs. 9-11.—Spore chains illustrating more shrinkage of protoplasm than 
shown in fig. 8; X827. 

Figs. 12-15.—Typical urediniospores of Uredinopsis all arranged with 
apex uppermost; fig, 13 illustrates commonest form; X827. 

Fig. 16.—^Typical and fully developed broom on Abies balsamea infected 
with Peridermium pycnogrande (photographed by Dr. J. H. Faull). 

Fig. 17.—^Branch of Abies balsamea infected with Peridemium Pycnogrande) 
considerable defoliation taken place; most of needles dotted with white 
peridermia. 

Fig. 18—^Branch of Abies balsamea infected with Peridermium pycno¬ 
grande; peridermia show clearly; also loss of needles and abnormal develop¬ 
ment of twigs is just starting (photographed by Dr. J. H. Faull). 

Fig. 19.— Abies balsamea badly infected with Peridermium pycnogrande^ 
and exhibiting abnormal multiplication of branches at various places (photo¬ 
graphed by Dr. J. H. Faull), 

Fig. 20.—Pinna of Osmunda Claytoniana inf&ted with Uredinopsis 
Osmundae; infected leaf islets are lighter color (photographed by Dr. J. H. 
Faull). 

Fig. 21.—Uredinium of Eyalopsora Aspidiotus^ typical unbroken pustule 
so often found; break visible in covering layer of epidermis caused in cutting; 
X200. 

Fig. 22.—Teliospores of Uredinopsis Phegopteridis on Phegopteris 
Dryopteris; X300. 

Fig. 23.—Teliospores of Uredinopsis Osmundae on Osmunda Claytoniana; 
X144. 

Fig. 24.—Teliospores of Uredinopns Osmundae on Osmunda Claytoniana; 
central part of section shown in fig. 36; X300. 
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Fig. 25,—Section of frond of Onoclea sensibilis infected with Uredinopsis 
mirabilis; infected and normal portions of leaf separated by fibrovascular 
bundle; infected portion withered and shrunken, showing four teliospores 
immediately under epidermis; X 144- 

Fig. 26—Teliospores of Uredinopsis mirabilis on Onoclea sensibilis; 
tissue of host decidedly withered; X300. 

Fig. 27.—Uredinium of Hyalopsora Aspidioius (note that a spore is borne 
on inner surface of basal mycelial mat); X 200. 

Fig. 28.—Uredinium of Hyalopsora Aspidioius: at left hand end of pustule 
there is a spore borne in center of basal mycelial mat; X200. 

Fig. 29.—Uredinium of Melampsorella elatina on Stellaria graminea; 
X200, 

Fig. 30.—Uredinium of Melampsorella elatina on Cerasiium vulgatum; 
X200. 

Fig. 31.—Uredinium of Pucciniastrum pustulatum on Epilobium angusli- 
folium; X200. 

Fig. 32.—Uredinium of Pucciniastrum pustulatum on Epilobium adeno- 
caulon; X 200. 

Fig. 33, —^Longitudinal section of leaf of Abies halsamea^ showing aecium 
and pycnia of Peridermium halsameum; X48. 

Fig. 34.—Pycnium of Peridermium balsameum; X 200, 

Fig. 35.—Longitudinal section of leaf of Abies balsamea, showing aecium 
and pycnium of Peridermium pycnoconspicuum; X46. 

Fig. 36.—Same as fig. 35; X92. 

Fig. 37.—Pycnium of Peridermium pycnoconspicuum; higher magnifica¬ 
tion of pycnium shown in fig. 36; X200. 

Fig. 38.—^Longitudinal section of leaf of Abies balsamea^ showing section 
and pycnium of Peridermium pycnogrande; X46. 

Fig. 39.—Pycnium of Peridermium pycnogrande; higher magnification of 
pycnium shown in fig. 51; X200. 

Fig. 40.—^Longitudinal section of leaf of Abies balsamea, showing aecium 
and pycnia of Pucciniastrum pustulatum; X46. 

Fig. 41. —Pyzvmm oi Pucciniastrum pustulatum; X200. 

Fig. 42.— Uredinium of Uredinopsis polypodophila; X200. 



NOTES ON NEOTROPICAL ANT-PLANTS 
III. CORDIA NODOSA LAM. 

I. W. Bailey 

(with PLATES VI, VII, AND FIVE FIGURES) 

Introduction 

There are numerous tropical plants that have curious nodal 
or internodal swellings which are inhabited by ants, such 
as species of Myristica, Kibara, Anlhobembix^ Pleuroihyrium, 
Humboldtia, Scholia , Plalymiscium, Chisocheton , Aphanamixis, 
Endospermumy Barierhy Gerlrudiay Maieta, Epilabernay Cordiay 
Clerodendrofiy Naucleay Uncariay Randuiy Plectronuiy Cuviera, 
SarcocephaluSy etc. Most of these myrmecodomatia are simple 
cauline hypertrophies, but certain of the neotropical species of 
Cordia have very complex structures, which are so remarkable 
morphologically as to justify discussing them at considerable length 
in the following pages. 

Morphology 

Two sections of the Borraginaceous genus Cordia are provided 
with myrmecodomatia, Physoclada and Gcrascanthus. The most 
classical representative of these ant-f)lants is one of the Physo- 
cladae which is commonly referred to Cordia nodosa, Schimper 
(i6) encountered the plant in Pernambuco and studied its morpho¬ 
logical peculiarities. 

The large leaves which, like the stem, are provided with long 
reddish hairs, are alternate, paired or grouped in false verticils of 
four. The subnodal portion of the stem, subtending each verticil 
of leaves, is strongly thickened and angular, and usually (although 
not invariably) is provided with a long bladder-like swelling. This 
pouch is jacketed internally as well as externally by a cuticularized 
epidermis and numerous trichomes. It subtends the lowest of the 
four leaves, in the axil of which is a small apical outlet which is not 
excavated by the ants. Above this leaf the thickened and much 
Botanical Gazette, vol. 77] [32 
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compressed primary axis gives rise to lateral inflorescences which 
are inserted in the axils of the three remaining leaves. 

ScHiMPER concluded that the myrmecodomatium is formed by 
the lateral enlargement of the base of the petiole of the lowest leaf, 
which is adnate to the compressed portion of the main axis. Schu¬ 
mann (17) questioned the accuracy of Schimper’s observations. 
He argued from analogies with supposedly similar domatia of 
Duroia hirsuta and of various Gerascanthi, that the inflorescences 
are terminal, and that the bladder-like swellings are caulinc, rather 
than adnate foliar structures. Mez (14) agreed with Schumann 
that the inflorescences are terminal, but he inferred that the domatia 
are formed by lateral invaginations. His description of the mor¬ 
phology of the myrmecodomatia may be summarized as follows: 

The hypertrophied [)ortioii of the main axis bears two approximately 
opposite leaves, and terminates in an inflorescence. The lower leaf of this 
pair is subtended by the bladder-like swellings, and the axis of vegetative elonga¬ 
tion, which is of secondary order, arises from its axil. The two remaining 
leaves of the false verticil are the first leaves of this secondary axis. Externally 
the bladder-like structure is delimited by two longitudinal grooves, which 
extend from the base of the myrmecodomatium to its apex. Serial transverse 
sections of the domatium reveal the following sequence of changes. Below 
the hypertrophy the stem is of normal structure. In passing upward through 
the transitional region, one of the grooves remains unmodified, whereas the 
other deepens, producing an embayment in the contour of the vascular cylinder 
and medulla. The pith splits, and extensions of the fibrovascular and cortical 
tissues invaginate or bend inward around the medullary cavity. The invagina¬ 
tion continues until the cortical and fibrovascular tissues intersect and unite 
with homologous tissues on the opposite side of the stem. Thus the pith is 
divided and compressed into two narrow, curved strands, each of which is sur¬ 
rounded on all sides by fibrovascular and cortical tissues, and a commodious 
internal cavity is concomitantly formed which is jacketed by a cuticularized 
epidermis and numerous trichomes. 

Mez concluded that these invaginations were originated by 
minute insects which lived in the lateral grooves, and that they 
subsequently became accentuated and inherited as adaptations for 
housing ants. During the phylogenetic development of the myrme¬ 
codomatia, the margins of the longitudinal cleft, formed by the 
lateral invagination, fused together and isolated the internal layer 
of epidermal tissue. The position of this suture is indicated by a 
gap in the outer ring of sclerenchymatous tissue. 
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One of the commonest myrmecophytes of the Kartabo region 
of British Guiana is a Cordia which resembles the plant that 
ScHiMPER investigated in Pernambuco. Its dichotomously branch¬ 
ing, hirsute cauline axes periodically form subnodal hypertrophies 
which subtend false verticils of four large hairy leaves and small 
inflorescences. These myrmecodomatia are jacketed both inter¬ 
nally and externally by a cuticularized epidermis and numerous 
trichomes (except where they have been trimmed away by the 
ants), and are provided with preformed apical apertures. They 
are more or less elongate-turbinate, and differ from those described 
and figured by Schimper in having no large, conspicuous, lateral, 
bladder-like swelling or pouch (text fig. i). The four leaves of the 
false verticil are inserted at slightly different levels. The lowest 
leaf subtends a small axillary bud, which may occasionally develop 
into a lateral inflorescence. The leaf on the opposite side of the 
domatium is the highest of the four, and subtends the entrance 
aperture. The leaves of the remaining pair are inserted at right 
angles to this pair, and their axillary buds commonly give rise to 
’ dichotomous, lateral vegetative axes. Above the level of the leaves 
the main axis terminates in an inflorescence. 

Serial transverse sections of the lower two-thirds of the myrme¬ 
codomatia show no indication of a putative flattened stem and 
adnate petiole, nor indeed of a lateral invagination (figs, i, 4). 
The more or less circular wall is composed of concentric rings of 
highly differentiated tissues. Under higher magnification (figs. 
5, 6) the sequence of tissues is seen to be: (i) outer epidermis, (2) 
cortical parenchyma, (3) sclerenchyma, (4) phloem, (5) xylem, (6) 
medullary parenchyma, (7) xylem, (8) phloem, (9) sclerenchyma, 
(10) cortical parenchyma, (ii) inner epidermis. There are no 
connections between the rings of homologous tissue. The inner 
fibrovascular cylinder, whose tissues have an inverse orientation, 
is more or less rudimentary, and the increase in thickness of the 
wall of the domatium is due to cambial activity in the centrifugal 
or outer fibrovascular cylinder (cf. figs, i and 4). In passing upward 
toward the verticil of leaves, four arcs of the centrifugal cylinder 
become accentuated and project outward (fig. 9, text fig. 2). The 
longest arc of the four, which is a laterally enlarged basal projec- 
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tion of the trace of the highest leaf, tends to split off from the 
fibrovascular cylinder before the others. As it does so, the cen¬ 
tripetal fibrovascular cylinder divides into two portions, one of 
which becomes attached to the centrifugal cylinder and the other to 
the departing leaf trace. The former portion becomes an integral 
part of the centrifugal cylinder, whereas the latter portion gradually 
dies out at a higher level, leaving a normal arc-shaped trace which 
passes into the petiole of leaf (text fig. 3 ^). As indicated in this 
diagram, the entrance aperture is located in the axil of this leaf. 


B 



Fig. 2 * Fic. 3 


Figs. 2, 3.— Hg. 2, Transverse section of apical portion of myrmecoclomatiura 
of Cordia twdosa, showing traces of leaves A, By C, and D.; fig. 3, Transverse section 
of apical portion of myrmecodomatium of Cordia nodosa, cut at .somewhat higher level 
than that shown in fig. 2: a, entrance aperture in axil of leaf {A)] c, d, axes of vegeta¬ 
tive shoots in axils of leaves (C) and (D); b, rudimentary bud in axil of leaf (B); 
E, axis of terminal inflorescence. 

The opposite leaf (7i) subtends a dormant bud (/;). Leaves C 
and D subtend the lateral vegetative shoots c and d, and the main 
axis (F) tenninates in an inflorescence. 

What then is the morjjhological significance of these extraor¬ 
dinary structures? The hypotheses of Schimper, Schumann, 
and Mez do not afford an adequate exj^lanation of all phases of 
their ontogenetic or phylogenetic development. Below the sub- 
nodal hypertrophy, the stem is of normal structure. Above this 
level it rapidly increases in girth. As it does so, the circumference 
of its concentric layers of epidermal, cortical, and fibrovascular 
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tissues becomes correspondingly enlarged, and a commodious 
internal cavity is concomitantly formed in the dilated core of 
medullary parenchyma. This chamber, unlike that of the caulinary 
domatium of other myrmecophytes, is characterized by being 
jacketed by centripetal layers of epidermal, cortical, and more or 
less rudimentary fibrovascular tissues. In other words, there is 
no indication of a compressed stem and 
adnate petiolar enlargement, nor of an 
extensive lateral invagination. The cen¬ 
tripetal layers of epidermal, cortical, and 
fibrovascular tissues unite with the 
homologous centrifugal layers only in the 
af)ical portion of the wall of the domatium 
which surrounds the small circular ajier- 
ture. 

A detailed study of the moqihology 
of the mymiecodomatia, during succes- 
si\'e stag(;s of their ontogeny, indicates 
that they are hy})ertro])hied portions of 
the cauliiie axes, whose medullary cavities 
are jacketed by layers of invaginating 
tissues. The invagination does not origi¬ 
nate, howev(!r, in a longitudinal lateral 
groove, 1)111 in the axil of one of the leaves 
of the jiseudo-aiiical verticil. As it de¬ 
velops, it produces an elongate-saccate 
ingrowth of the ejiidennal, cortical, and 
fibrovascular tissues into the rapidly en¬ 
larging core of medullary jiarenchyma 
(text fig. 4). The absence of even a 
rudimentary bud in the axil of a leaf (/I); E, terminal inflorescence, 
which subtends an entrance aperture 

suggests that this growing point may be concerned in the forma- 
tioh of the invagination. If it is, the invagination may be 
visualized as the homologue of an ingrowing lateral shoot, and its 
formation may be likened to what happens when one finger of a 
glove is retracted so that it ultimately projects inward instead of 



Fig. 4. —Longitudinal sec¬ 
tion of myrmecodomatium of 
Cordia nodosa, showing cen¬ 
trifugal (^>) and centripetal (i) 
fibrovascular tissues; a, en¬ 
trance aperture in axil of leaf 
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outward. In exceptional cases, invaginations may develop in the 
axils of two of the leaves of a single verticil. Fig. 8 illustrates a 
transverse section of an abnormal, compound domatium of this type. 

It is of interest to compare these myrmecodomatia with those 
of other representatives of the Physocladae which have conspicuous, 
lateral, bladder-like swellings. BurcheU’s no. 9637, which is referred 
to Cordia hispidissima DC., and the Rusby Expedition’s nos. 778 
and 1035 have myrmecodomatia of this type. Serial transverse 
sections of these hypertrophies reveal the following histological 
details. Below the domatium the stem is of normal structure, but 
above this level it becomes constricted by two longitudinal furrows, 
and the pith appears bilobed. An internal cavity is formed in 
one of these lobes, which is jacketed by layers of inversely oriented 
epidemal, cortical, and fibrovascular tissues (fig. 7). The arc of 
the outer or centrifugal fibrovascular cylinder which surrounds this 
lobe becomes detached. As it does so, the inner or centripetal 
fibrovascular ring splits into two arcs, each of which attaches itself 
to one of the two outer arcs of homologous tissue (fig. 2). As the 
domatium enlarges, one lobe-shaped portion of the axis, the one 
which partially surrounds the internal cavity, enlarges more rapidly 
than the other and forms the bladder-like, lateral hypertrophy 
(cf. figs. 2 and 7), In the apical portion of the domatium, this 
lobe contracts, the inner arc of fibrovascular tissue fades away, 
and the outer arc passes into the petiole of the leaf which subtends 
the entrance aperture. The outer arc of fibrovascular tissue in 
the opposite lobe gives off three leaf traces, and in combination with 
the inner arc, subsequently forms the steles of four cauline axes, 
three lateral and one terminal (text fig. 3). ^he terminal axis 
forms the inflorescence. One or more of the lateral axes elongate 
to form vegetative shoots, or in certain cases lateral inflorescences. 

It is evident that the myrmecodomatia of these plants are of 
the same fundamental morphological type as those which the 
writer studied in British Guiana. The striking difference in their 
external form is due to the fact that in the case of the former plhnts 
the subnodal enlargement of the stem is unilateral, and the basal 
projection of the trace of the leaf which subtends the entrance 
aperture is set off from the central cylinder at a much lower level. 
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Such structural differences are of not uncommon occurrence in 
closely related species of dicotyledons. Thus the basal projections 
of the leaf traces in one species or variety may be differentiated or 
even set off from the stele at a much lower level than they are in 
others. In view of these facts, the following conclusions concerning 
the morphological peculiarities of the Physocladae seem justified: 
(i) the myrmecodomatium is formed by an invagination of epi¬ 
dermal, cortical, and fibrovascular tissues which originates in the 
axil of one of the leaves of the false verticil, and which develops 
into the interior of a more or less symmetrical or unilateral, sub- 
nodal enlargement of the cauline axis; (2) this cauline axis usually 
terminates in an inflorescence; (3) the buds in the axils of three of 
the leaves of the false verticil of four give rise to one or more lateral 
axes of vegetative elongation, but in certain cases may form one 
or more lateral inflorescences. 

The next question is, are the myrmecodomatia of the Gerascanthi 
homologous morphological structures? Although the writer has 
not encountered these myrmecophytes in the field, he has studied 
dried specimens of their myrmecodomatia in the extensive collec¬ 
tions of the National Herbarium, the New York Botanical Garden, 
and the Gray Herbarium. The domatia vary greatly in size, shape, 
and distribution in different representatives of even a single species. 
When present, they are irregularly shaped h)q)ertrophies of the 
axis of the large diffuse inflorescences or of the transitional region 
between cauline and floral axes (text fig. i). The lateral entrances 
or exits are not preformed apertures, as in the Physocladae, but 
evidently are excavated by insects. Furthermore, the domatia 
are not jacketed internally by invaginated layers of epidermal, 
cortical, and fibrovascular tissues. As shown in fig. 3, a transverse 
section of a myrmecodomatium of Cordia Gerascanthus Jacq. (Her¬ 
barium J. D. Smith no. 4365), the inflated central cylinder sur¬ 
rounds a large heterogeneous medulla, the large celled, succulent 
core of which has dried up and has been trimmed away by the 
ants. In other words, these structures are quite distinct morpho¬ 
logically from the myrmecodomatia of the Physocladae, and 
resemble those of the Ethiopian species of Cuviera and Plectronia 
(Bailey 3). 
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Taxonomy 

Many of the discrepancies in the conclusions of various investi¬ 
gators who have concerned themselves with the phenomenon of 
myrmecophytism in Cordia are due to excessive generalization from 
limited induction. Thus, in general, Schumann’s conclusions are 
applicable to the Gerascanthi, but not to the Physocladae. Fur¬ 
thermore, there has been a tendency to base critical morphological 
and ecological observations upon plants which have not been identi¬ 
fied with certainty, and of which no herbarium specimens are available 
for verification. This naturally has led to considerable confusion. 

As previously stated, Schimper believed that his myrmecophyte 
was Cordia nodosa^ but Schumann and Mez questioned his deter¬ 
mination and considered the plant which had hirsute stems and 
leaves to have been C. hispidissima. Schumann suggested, how¬ 
ever, that the latter species may be a variety of C. nodosa. Unfor¬ 
tunately the taxonomy of the Physocladae is a somewhat com¬ 
plicated problem. Aublet (i) described and figured a Cordia 
which he referred to C. Collococca. Lamarck (13) subsequently 
gave to this plant the specific name C. nodosa. De Candolle (9) 
distinguished two additional species of Physocladae, C. miranda 
and C. hispidissima, which are characterized by having compact, 
sessile inflorescences. Fresenius (12) retained these two species, 
and described three forms or varieties of Cordia nodosa: (i) 
glabrioTy based on C. formicarum Hoffmsg.; (2) hispidissima, based 
on Aublet’s plant; and (3) angustifolia. It is evident from 
Aublet’s detailed descriptions and figures that the plant which 
Lamarck referred to C. nodosa, and Fresenius to var. hispidissima, 
possessed densely hirsute stems and leaves, and small, but diffusely 
and dichotomously branching pedunculate inflorescences. The 
stems, leaves, inflorescences, and fruits of the myrmecophytic 
Cordia of the Kartabo region of British Guiana closely resemble 
those of this plant. In view of the fact, therefore, that Aubt^t’s 
and the writer’s plants were collected in the same general region 
(French Guiana and British Guiana), it is reasonable to assume that 
they both belong to the same species.^ 

* The herbarium specimens collected by the writer, nos. 39, 40, 41, and 42, are 
deposited in the Gray Herbarium of Harvard University. 
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The myrmecodomatia of Aublet’s plant, of the writer's 
myrmecophyte, of the specimen of C. nodosa figured by Fresenius, 
and of two somewhat similar but subglabrous plants collected by 
J. A. Samuels in Dutch Guiana appear to be devoid of large, con¬ 
spicuous, lateral, bladder-like swellings. On the contrary, the 
domatia of Brazilian and Bolivian Physocladae (Spruce no. 3281, 
Burchell no. 9637, Rusby Expedition nos. 778 and 1035, Sciiimp- 
er’s plant) are characterized by having these unilateral, pouchlikc 
enlargements. In view of the fact that certain systematists are 
inclined to group the various Physocladae together as varieties of 
a single species, upon the assumption that the shape and texture 
of the leaf, pilosity, and degree of compactness of the inflorescences 
are exceedingly variable, the morphology of the myrmecodomatia 
may i)rovc to be of some diagnostic value. In the case of the 
Kartabo myrmecophyte, the form and structure of the myrmeco¬ 
domatia are very constant. The writer collected material from a 
wide range of plants of different ages, sizes, and localities. All 
of the domatia were devoid of conspicuous, lateral, bladder-like 
enlargements. It will be of interest to determine whether these 
structures are equally constant in plants of other neotropical regions. 

Ecology 

Most of the earlier students of ant-plants considered that the 
structural peculiarities of the plants are originated directly by the 
ants. Spruce (20) and Beccari (6) were forced to admit, however, 
that many of these abnormalities (ant-galls) have become inherited. 
That the myrmecodomatia of certain groups of ant-plants are 
produced by gall-insects rather than by ants, has been suggested 
from time to time by various investigators. Chodat and Carisso 
(10) have even formulated ^^Une nouvelle theorie de la myrmico- 
philie'^ upon the basis of the fact that they found eggs and larvae 
of hymenopterous parasites in immature myrmecodomatia of 
Cordia glabrata, C. longituha, C. alliodora^ C, Gerascanthus, C, 
GerascanthoideSj and Acacia Cavenia. The title of their short 
paper might lead one to suppose that the formicaries of all myrmeco- 
phytes originate as galls. As a matter of fact, they qualify their 
generalization as follows: ‘‘II y a tout lieu de penser que les formi- 
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cairns des autres plantes myrmecophiles, quand ils se prfisentent 
comme des renflements, ont une origine analogue/’ 

It is to be emphasized in this connection that the mere occur¬ 
rence of ants, or even of gall-insects, in hypertrophied portions of 
the stem or leaf does not indicate necessarily that these structures 
are of traumatic origin. They may be inherited peculiarities which 
serve as convenient nesting chambers for ants, or, during the earlier 
stages of their ontogeny, as suitable places for the oviposition of 
other insects. The large stipular thorns of many of the Mexican, 
Central American, and West Indian bull’s-horn Acacias are not 
abnormalities produced by insect parasites, as evidenced by the 
fact that they are formed on plants which are not subject to the 
visitation of ants or of gall-insects. The ants are able to nest in 
the thorns regardless of whether they have previously been occupied 
by gall-insects or not. It is doubtful whether they are able to do 
so in the case of certain of the East African species of Acacia, The 
stipular thorns of these plants are straight and rather slender, but 
may be deformed at times by huge basal hypertrophies. Schwein- 
FURTH (i8), SjdSTEDT (ip), ScHENCK (15), and Others are of the 
opinion that these apparent abnormalities actually are true galls. 
Although the observations of these investigators are not entirely 
conclusive and need to be verified by further and more detailed 
field studies, or by controlled experiments with plants grown from 
seed, it seems probable that ants are unable to utilize these thorns 
as formicaries unless they have previously been enlarged by gall- 
insects. 

The myrmecodomatia of the Kartabo Cordia, during the earlier 
stages of their ontogeny, do not contain insects or parasitic fungi, 
and there is no histological or ecological evidence to indicate that 
they are originated by ants or by gall-insects. As in the case of 
the Ethiopian myrmecophytes, investigated by Bequaert (8) and 
the writer (3), and in that of Tachigalia paniculaia discussed in the 
second paper of this series (5), the myrmecodomatia are inherited 
structures which are taken possession of by ants after their tissues 
have become highly differentiated. The subnodal enlargements 
of the Physocladae, like the stipular thorns of Mexican and Central 
American buU’s-horn Acacias, evidently serve as formicaries without 
previously being modified by gall-insects. 
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It would not be safe to infer from this, however, that the enlarge¬ 
ments of the fertile or vegetative axes of the Gerascanthi are formed 
without the intervention of parasitic insects. The irregular shape 
and more or less sporadic distribution of the cauline h)^)ertrophies 
in this section of Cordia suggest that, if the myrmecodomatia are 
not actually originated by gall-insects, they may be considerably 
accentuated by them. Extensive and critical field observations 
are needed to determine whether the immature h3qDertrophies 
always contain eggs or larvae of parasitic insects, and if so whether 
homologous structures are formed on plants grown from seed, which 
are protected from the activities of ants and of gall-forming parasites. 

Belt (7), Delpino (ii), and Schimper (16) formulated the 
hypothesis that the structural peculiarities of ant-plants originated 
through the action of natural selection, as adaptations for attracting 
ants which protect their hosts against the attacks of phytophagous 
insects, particularly of the destructive leaf-cutting ants. That 
the guest-ants of Cordia nodosa in the Kartabo region of British 
Guiana do not afford an efficient protection against Atta cephalotes 
is illustrated in text fig, 5. Although the myrmecodomatia of this 
plant contained flourishing colonies of Allomerus 8 -articulatus, many 
of its leaves were cut into pieces and transj)orted to the subterranean 
fungus gardens of the At tine ants. 

My colleague, Professor W. M. Wheeler, has identified the 
following ants, taken from myrmecodomatia of the Kartabo Cordia: 
Allomerus 8 -articulatus Mayr, Azteca ulei Forel var. cordiae Forel, 
A, instabilis F. Smith, A. Irigona Emery subsp. mediops Forel, 
Neoponera unidentata Mayr, and Crematogastcr limata F. Smith 
subsp. ludio Forel. 

The first two species are ‘‘obligatory’^ guests of Cordia nodosa 
or closely allied Physocladae, that is, they are known only from these 
plants. The remaining ants are “facultative” or more or less 
ubiquitous species which nest in various habitats. Allomerus 
8 -articulatus is one of the commonest guest-ants of the Kartabo 
Cordia, It is characterized by building earthern galleries which 
extend from the entrances of the domatia down the outer surfaces 
of the branches and stem, to the level of the ground. 

Although all of these ants have the general formicine habit of 
gnawing upon the walls of their domatia, they do not excavate the 
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deeply sunken, pitlike or groovelike depressions which are such 
characteristic features of the myrmecodomatia of Cecropia^ of 
Tachigalia, and of many of the Ethiopian ant-plants. Their 
failure to do so is not due to an absence of coccids, since the latter 





Fig. $. —Cordia nodosa inhabited by Allotnerus S-artmdaiuSy but partly defoliated 
by Attine ants. 

insects usually are present in domatia which contain well established 
and flourishing colonies of ants. It may be significant, in this 
connection, that the mature myrmecodomatia of Cecropia, Cuviera, 
Plectronia, Nauclea, etc., are jacketed internally by compact 
layers of very thick walled cells, and that the coccids feed only in 
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gaps made in these dense tissues by the ants (Bailey 3,4), In the 
myrmecodomatia of Cordia, as in the saccate appendages of the 
leaves of Tococa, the softer and more nutritious tissues are not 
completely isolated from the nesting chambers, and the coccids 
may readily insert their setae in portions of the walls which have 
not been cut into by the ants. 

Present status of problem of myrmecophytism 

The writer’s (2, 3, 4, 5) investigations of Ethiopian and neo¬ 
tropical ant-plants, and a critical study of data accumulated by 
previous students of the problem of myrmcc()f)hytism, lead to the 
following conclusions. 

1. The neo-Lamarckian hypotheses of Spruce and Beccari, 
and the neo-Darwinian theory of myrmecophily formulated by 
Belt and Delpino and elaborated by Schimper, rest upon a series 
of plausible deductions or teleological inferences rather than upon 
extensive and critical field observations and carefully planned 
experimental controls. 

2. There are a considerable number of tropical plants, belonging 
to a number of distinct families and orders, which have hstulose 
stems, hollow petioles, saccate leaves, enlarged stipular organs, or 
hollow nodal or internodal hypertrophies. In most cases these 
putative abnormalities are inherited structures wliich are formed 
without the intervention of parasitic organisms. Certain of these 
{)lants are provided, in addition, with extra-floral nectaries or food- 
bodies, that is, Perldriisen. 

3. The origin and true function of these structures are at present 
obscure, and deserve to be studied more intensively by plant physi¬ 
ologists and morphologists. 

4. Insects are so abundant in trojiical environments, and the 
competition for food and for suitable nesting chambers is so keen, 
that most of these structural peculiarities of plants are discovered 
by ants. Thus, the cauline and foliar cavities, regardless of whether 
they have preformed entrances or not, are found to contain more 
or less flourishing colonics of these ubiquitous insects. In certain 
cases the ants are representatives of ‘‘facultative” species which 
nest in various habitats, whereas in other cases they are “obliga¬ 
tory” guests of particular species of plants. Some of them are 
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more inquilines, whereas others obtain a portion of their food from 
the host-plants, and therefore are distinctly parasitic. 

5. The myrmecodomatia of most ant-plants contain more or 
less luxuriant growths of fungi and numerous nematodes and coccids. 
The relations of these organisms to the ants and to their host plants 
present many interesting ecological problems. 

6. The relation between the ants and the coccids and their host 
plants is one of the most interesting phases of myrmecophytism, 
and one which deserves to be studied most intensively by future 
investigators. Certain of the plant-inhabiting ants carefully tend 
the coccids and solicit and feed upon their exudates. In myrmeco¬ 
domatia which at maturity are jacketed internally by compact 
layers of thick-walled cells, the ants excavate gaps in these dense 
tissues, frequently inducing the formation of a nutritive callus 
which is fed upon by the coccids, but not, so far as the writer has 
been able to determine, by the ants. Only in the case of the highly 
specialized Viticicola tessmanni, w^hich does not tend coccids, is there 
evidence to indicate that the ants themselves feed upon these 
traumatic tissues. Are all of the coccids in myrmecodomatia 
introduced by the ants and carefully tended by them ? This seems 
unlikely, for certain of the ants are not known to solicit the exudates 
of aphids and coccids. That the Pseudomyrminae may carve up 
the coccids and feed them to their larvae, even if they do not utilize 
them as minature milch-cows, however, has been demonstrated by 
the writer. It seems probable that there are various degrees of 
specialization in the relations between the ants and the coccids, 
as there are in the relations between the ants and their host 
plants. 

7. The fungi in myrmecodomatia appear to be weeds, the aerial 
hyphae of which are cropped or cut back by the ants; not as food, 
but to prevent them from obstructing the domatia and from inter¬ 
fering with the brood. The spores are borne into the domatia 
either upon the bodies of the ants or in their infrabuccal pouches, 
the contents of which are voided in various portions of the 
formicaries. 

8 . The nematodes live in the detritus of the ant colonies, that is, 
accumulations of voided pellets, liquid feces, fragments of malaxated 
insects, triturated plant tissues, etc. Cobb finds that certain of the 
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nemas are highly specialized morphologically and are adapted to 
feeding upon the delicate hyphae of fungi which flourish in the refuse 
of the ants. It remains to be demonstrated whether any of the 
nematodes are parasitic during their larval stages in the pharyngeal 
glands of the imaginal ants. It may be significant in this connec¬ 
tion, however, that nematodes are present in the infrabuccal pellets 
of certain Pseudomyrminae. 

9. The evidence at hand supports the conclusion that the most 
classical ant-plant biococnose (Azteca-Cecropia), to which Schimper 
devoted so much attention, is an extremely interesting case of para¬ 
sitism which illustrates the remarkable adaptiveness of ants in avail¬ 
ing themselves of the potentialities of given environments. This is 
shown, not only in the utilization of such structural peculiarities of 
the plant as the Mullerian food-bodies, prostomata, and potential 
domatia, but more strikingly in the structural modifications j)ro- 
duced in the tissues of the host plant which facilitate the feeding of 
coccids. Thus the ants are able to obtain food from their hosts 
in two ways, directly from the food-bodies and vicariously through 
the intervention of coccids. 

10. The most interesting case of parasitism is that of the highly 
specialized Viticicola kssmanni upon F/to Staudlii. These obliga¬ 
tory guest-ants induce the fomiation of layers of nutritive callus, 
rich in protein and fats, which apparently serve as their principal 
source of food. In so doing they avail themselves of the structural 
peculiarities of their hosts in a truly remarkable manner, and 
exercise a very delicately adjusted control over the ontogenetic 
development of certain plant tissues. 

I r. In studying the habits of phytophagous and plant-inhabiting 
insects, the anatomy of the host plants deserves more careful 
attention than it has usually received. In the case of myrmeco- 
phytic plants, the nesting and feeding habits of the ants, and their 
relations to coccids and fungi in many cases are largely determined 
by the structure and arrangement of the various vegetative tissues 
during different stages in the growth and differentiation of the stem 
or of its appendages. 

This investigation was conducted under a grant from the Ameri¬ 
can Association for the Advancement of Science. The writer 
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EXPLANATION OF PLATES VI, VII 

Fig. I. — Cordia nodosa: transverse section of myrmecodomatium, showing 
centripetal and centrifugal fibrovascular cylinders; X7. 

Fig. 2.— Cordia species: transverse section of myrmecodomatium; inner 
fibrovascular cylinder is divided into two arcs which have united with two 
corresponding arcs of outer fibrovascular cylinder; X14. 

Fig. 3.— Cordia Gerascanlhits Jacq. (Herbarium J. D. Smith no. 4365): 
transverse section of myrmecodomatium, showing medullary cavity and single 
fibrovascular cylinder; X11. 

Fig. 4.— Cordia nodosa: transverse section of base of old woody myrme¬ 
codomatium, showing inner, rudimentary fibrovascular cylinder and thick 
layer of xylem in outer fibrovascular cylinder; X13. 

Fig. 5.— Cordi<f nodosa: portion of fig. i more highly magnified; X50. 

Fig. 6.— Cordia nodosa: lower portion of fig. 4 more highly magnified; 
X42. 

Fig. 7.— Cordia hispidissima: (Burchell no. 9637): transverse section of 
base of myrmecodomatium, showing lower extremity of invagination; X 14- 

Fig. 8 . — Cordia nodosa: transverse section of immature, compound doma- 
tium, formed by invaginations from axils of two of leaves of false verticil; Xu- 

Fig. 9.— Cordia nodosa: transverse section of apical portion of immature 
myrmecodomatium, showing four leaf traces and central cavity jacketed by 
cuticularizcd epidermis and numerous trichomes; X16. 



LEAVES OF TRIGLOCHIN* 

Acmes Arber 

(with plates vm~x) 

Introduction 

In a previous paper (4) a general survey was made of the leaf 
structure of the group of families comprised in the cohort Helobieae. 
While examining the leaves of one of these families, Scheuchzeriaceae 
(Juncaginaceae), I became interested in Triglochin^ because this 
genus includes both leaves of more or less radial structure, and also 
typical “ribbon’^ leaves. The present paper describes the results 
of a further study of the leaves of Triglochin^ which has been ren¬ 
dered possible by the generosity of J. H. Maiden, of the Botanic 
Gardens, Sydney, New South Wales, and of L. Hauman, of the 
Museo Nacional de Historia Natural, Buenos Aires, who have been 
most kind in supplying me with Australian and South American 
species. I am also indebted for material to the Director of the 
Royal Botanic Gardens, Kew, and to A. C. Seward. 

Leaf structure 

According to Buchenau (10), TriglocMn includes two subgenera, 
Eutriglochin with united carpels, and I'ycnogeton in which the carpels 
are free. Eutriglochin, to which the two British species 2 \ maritima 
and 2 \ palustris belong, was treated by Buchenau as containing 
twelve species, but the number has been increased somewhat in 
the twenty years that have since elapsed. On the other hand, 
Cycnogeion includes only one species, a native of Australasia, 
Triglochin procera. I have been able to examine this plant, and also 
nine species belonging to the subgenus Eutriglochin, In the fol¬ 
lowing brief account of the leaf structure of the genus, the species, 
so far as possible, arc taken in the order in which they are placed 
by Buchenau. 

*This paper represents part of the work carried out during the tenure of a 
Keddey Fletcher-Warr Studentship of the University of London. 
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Subgenus Eutriglochin 

Triglochin maritima L.—^I'he leaf of this species has a sheath¬ 
ing base and a succulent linear limb. The sheath is continued 
upward into a ligule (fig. i, lig). Fig. 2A shows the leaf sheath 
region in transverse section. Besides the normal bundles with their 
fibrous sheaths, there arc occasional small strands (/) consisting 
of fibers alone. Fig. 2B represents a section of the limb of another 
leaf on a slightly smaller scale. The median bundle is placed in the 
usual way, with xylem above and phloem below, but the smaller 
peripheral bundles all have their xylem directed inward, so that 
in those on the adaxial side of the leaf the xylem lies below the 
phloem. I have indicated elsewhere (T) the reasons that lead to 
the interj^retation of leaves showing this general type of structure 
as petiolar phyllodes. The relation of the bundles in sheath and 
limb has been described in detail by Hill (12). I'he changes in 
anatomy toward the apex of the limb of 1 \ maritima can be followed 
in fig. 3^4 C. Fig. 3/I shows the condition reached as the tip is 
approached. All the lacunar tissue, which in fig. 2B occupies the 
center of the section, has disappeared, and the whole mesophyll is 
formed of palisade parenchyma. The vascular system is reduced 
until it consists of little more than the three main strands, lying in 
one horizontal plane. The bundle sheaths are lost, and there is a 
great increase of xylem Relative to phloem. P'ig. ^B shows the 
structure of the median bundle at a level a little lower than that of 
fig. 3>1. There is a mass of primary xylem consisting of 

relatively large elements, and also a conspicuous development of 
secondary xylem (xVi), composed of elements of smaller caliber, 
arranged very definitely in radial rows, and markedly isolated 
from the primary xylem. Higher up, however, there is less separa¬ 
tion between the ])rimary and secondary wood. The increase in 
the primary xylem toward the leaf apex probably is to be attributed 
to sliding growth. As the tip is approached, the bundles fuse into 
one mass (fig. 3C), the connection between the bundles being 
established by branches uniting the secondary xylem of the three 
bundles. Neither in the serial sections from which fig. ^A-C was 
drawn, nor in a longitudinal series through the apex of another old 
leaf, was any indication found of an “apical opening” or apical 
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water pores. T, maritima thus agrees with T, palustris, in which 
Buchenau (io) reports the absence of an apical opening. 

Fig. aA, B shows sections of the sheath and limb of a leaf of 
T, maritima from Patagonia, for comparison with fig. 2A, B, 
drawn from British material. In fig. 4A, B the lacunae of the 
mesophyll are not outlined. The small size of the leaf (here 
represented on a larger scale) and the greater development both of 
the palisade parenchyma and fibers are very noticeable features in 
the Patagonian material. Instead of the occasional minute fibrous 
strands, which occur in the leaf sheath of the British plant, the 
Patagonian specimen shows six strands consisting exclusively of 
fibers, taking the place of the vascular bundles in the marginal region 
of the sheath. Without a further study of the Patagonian form, 
however, it is impossible to say whether these differences are con¬ 
stant. 

In fig. sA-D four sections are drawn, selected from a series 
passing upward from below through an axillary bud (lb) of T. mari¬ 
tima, inclosed in its prophyll {pr). According to Buchenau’s (8) 
observation, which Reuter (14) has recently confirmed, the lateral 
vegetative shoots in the axils of the upper leaves begin with a 
completely developed foliage leaf, wliile it is only the vegetative 
shoots in the axils of the lower leaves that have two-keeled pro- 
phylls. The bud here described belonged to the latter type. 
In the prophyll the main lateral bundles {ml) are the most con¬ 
spicuous strands. Fig. 5A shows the origin of four of the curious 
“intravaginal squamules” (a, h, c, d), whose occurrence on the 
surface of the intemode, just above the level of exsertion of each 
leaf, has already been recorded for this species and for T, palustris 
(13). I have discussed these squamules in a recent paper (7), and 
therefore now only allude to the fact that the squamule d is unusual 
in arising from the actual line of junction of prophyll and bud axis, 
whereas the normal state of things in Triglochin (the origin of the 
scales from the internodal surface) is exemplified in fig. 5A {a, b, c), 
and in a and / 3 , belonging to the next set of squamules (fig. 5B). 
Fig. 5B, C shows that the prophyll has a closed sheathing region 
at the base. In fig. 5Z? the sheath is open on the side remote from 
the parent axis. As in the foliage leaf, there is a tendency in the 
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prophyll for the replacement of vascular bundles by strands of a 
purely fibrous character. Fig. F, G represents three bundles 
from fig. on a larger scale, to show the grades of reduction 
from a bundle (fig. 5E), which includes xylem, phloem, and a 
fibrous sheath, through a bundle (fig. 5F) in which the xylem is 
reduced to one element only and with little phloem, to such a 
strand as that shown in fig. 5G, which consists exclusively of a small 
group of fibers. 

Triglochin maritima L, var. deserticola Buch.- -One well 
marked variety of T. maritima is recognized by Buchenau. 
Through the kindness of Dr. Hauman I have been able to examine 
the leaf structure of this variety from Las Cortaderas, Cordilleres 
de la Rioja. It has, he tells me, the habit of a compact “cushion 
plant.” Fig. 6 . 4 , B shows the anatomy of the leaf sheath and 
limb in this variety. No definite palisade parenchyma was visible, 
but this may have been due to the difficulty of getting complete 
recovery of the tissues in dried material. The most interesting 
feature of the anatomy is the coexistence, in the same leaf limb, of 
bundles showing two types of structure, collateral and amphivasal. 
The more important bundles are of the normal tyi.)e, but in some of 
the smaller strands the xylem surrounds the phloem. Fig. tC 
shows the two bundles (marked x in fig. bB) on a larger scale. The 
lefthand bundle is collateral, with a fibrous sheath (/) on the phloem 
side, while in the righthand bundle there is a discontinuous wreath 
of tracheids inclosing the phloem. 

TRKiLOCHiN CONCINNA Davy.—This species is clo.sely related 
to T, maritima. Its leaf structure is shown in fig. 7. The small 
peripheral bundles all have xylem directed inward, and succeeded 
externally by phloem and a patch of fibers. The xylem forms a 
crescent, or even an almost complete ring, including the phloem. 

Triglochin palustris L.—^This species closely resembles 
T, maritima in the main lines of its leaf structure. Fig. 8 shows 
the transverse section of the limb. At first glance the small periph 
eral bundles look almost as if they were amphivasal, but in reality 
there is a crescent of xylem on the inner side, and the ring is com¬ 
pleted by fibers on the outer side. Fig. 9 represents a transverse 
section of the limb of a leaf of the same species from the Andes. 
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The leaf is smaller and the bundles are fewer than in the English 
material. Moreover, in the leaf from the Andes the mesophyll is 
all lacunar, without differentiated palisade parenchyma, and the 
fibers surrounding the bundles have thicker walls. A characteristic 
feature of T. palustris is the occurrence of stolons (fig. lo/l), each 
of which bears scale leaves and terminates in a small bulb (8). 
This is formed of a thickened leaf (fig. loD) inclosing a series of 
smaller leaves, also thickened and containing starch. The entire 
mesophyll of the leaf represented in fig. loZ), and even the epi¬ 
dermis on both sides, consists of cells densely packed with starch 
grains. The storage leaves are inclosed in thin scale leaves (fig. 
loi?), the veins of which are very fibrous. One of the strands 
toward the margin of the thin scale leaf is shown enlarged in fig. loC; 
it is composed exclusively of fibers. The upper epidermis is strongly 
thickened, and the walls communicating with neighboring elements 
are pitted. Both the storage and outer scale leaves of the bulb 
correspond, morphologically, with the sheathing region of the 
ordinary foliage leaf, without its limb. 

Triglochin striata Ruiz et Pav.—Fig. 11 shows a transverse 
section of the leaf limb of a specimen of T, striata from Natal. 
The small bundles toward the adaxial side have the xylem directed 
downward. In fig, 12 a corresponding leaf limb of T. striata 
var. a triandra from New Zealand is represented. In this case 
there are no inverted bundles toward the adaxial side of the leaf. 
Fig. i,^A-C shows the leaf structure of another variety, T. striata 
var. ^ montevidensis. The sheath (fig. 132!) is succeeded by a 
limb (fig. 13B) in which, in the case of the leaf drawn, two of the 
minor bundles (x) are amphivasal. Fig. 13C shows one of these 
amphivasal bundles on a larger scale. An example of this variety, 
figured by Seubert (16), has ribbon leaves, and in the specimen 
that I examined, the limb, .so far as could be told from the herbarium 
material available, was also ribbon-like, as is shown by the somewhat 
flattened form of the transverse section (fig. 13B). 

Triglochin bulbosa L.—^This species is widely distributed in 
the Mediterranean region, and also occurs in South Africa. Most 
of the leaves have the usual sheathing base, succeeded by a narrow 
limb, but some are reduced to leaf sheaths alone. Herbarium 
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specimens have been seen with leaves at least 7 cm. long. Fig. 
i^A-D shows a series of transverse sections of a normal foliage leaf, 
from Crete, passing from the extreme top of the sheath (A) to near 
the apex of the limb (D). At the level of D, which is close to the 
tip of the leaf, the main laterals are much richer in xylem than 
the median bundle. The latter, however, is distinguished from the 
strands on either hand by the presence of a sclerized bundle sheath. 
Fig. 15^4 shows a transverse section of another leaf, on a larger 
scale than fig. 14. The three main bundles are of the normal 
collateral type, but in the case of the smaller bundles the xylem 
more or less completely surrounds the phloem. Fig. i^B shows 
the group of bundles inclosed in the dotted line in fig. i^A, more 
highly magnified. The largest bundle (one of the main laterals, 
ml) has an ordinary F-shaped xylem grou]>, and is inclosed in a 
fibrous sheath (/), while each of the four small bundles (x) have a 
ring of xylem surrounding the phloem. Fig. 16A shows the 
transverse section of the limb of another leaf, in which there is a 
median bundle (mb), two main laterals (ml), and four minor amphi- 
vasal bundles (x). One of these ampin vasal strands is shown on a 
larger scale in fig. 16B. do try lo discover the mode of origin of 
the amphivasal structure, serial section' were cut through the leaf 
sheath of T. bulhosa. Fig. ry.l, B. C sIkuvs a bundle, which, when 
followed ill this way, at first jiroved to be collateral (fig. 17^4). As 
the upper limit of the sheath was approached, however, the xylem 
elements ert^pt round the phloem, until finally they completely 
inclosed it (tig. ijC). Another ])oint, studied by means of serial 
sections of the leaf of T. bulhosa, is the behavior of the bundles in 
the apical region of the limb. Idg. i 8.4 shows that, as the apex 
is aiiproached, there is a tendency for the bundles to take up a 
position in one horizontal plane, while the individual strands 
become more or less amphivasal. The bundles next merge into an 
irregular dorsiventral complex, with the phloem chiefly on the lower 
side. By the level reached in fig. 18B (which is on a larger scale 
than fig. 1 8 ^ 1 ), the phloem apjiears to have died out. Fig. i8C-£ 
shows the gradual disappearance of the tracheids, the extreme apex 
of the leaf consisting of mesophyll and epidermis alone. A longi¬ 
tudinal section of a similar leaf tip is seen in fig. 19. 
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Triglochin laxiplora Guss. —^This species is closely related 
to r. bulbosa; in fact, it is regarded by Buchenau (9) as merely a 
“petite espece/’ which has become separated from T. bulbosa by 
difference in flowering time. Its leaf structure (fig. 20^1, B) so 
far as can be told from examining a fragment of one leaf, shows no 
essential difference from T. bulbosa, but the palisade tissue is more 
conspicuous than in the latter species, and no amphivasal bundles 
have been observed. The leaves, like those of T. bulbosa, are some¬ 
times reduced to leaf sheaths without limbs. 

Triglochin Stowardii N.E.Br., T. Andrewsii N.E.Br., 
and T. minutissima F. v. Muell.—^These three small species from 
Australia agree in possessing a very slender leaf limb and a delicate 
skeletal system. In each case I have only been able to examine 
one leaf. In T. Stowardii (fig. 21) the median bundle has a sheath 
in which the elements are strongly thickened on the inner side, but 
no such thickened sheath occurs in the case of the other bundles. 
In T. minutissima (fig. 23) there are a few fibers, not very thick 
walled, associated with the bundle. T, Andrewsii (fig. 22) has the 
most delicately organized leaf met with in Eutriglochin; the only 
sclerized tissue is the epidermis, whose outer wall is thickened. 

SUHGENUS CyCNOGETON 

Triglochin procera is an aquatic plant, occurring in Australia 
and Tasmania. The leaves are of t,he ribbon type, and may attain 
considerable length. Among some material kindly secured by 
J. H. Maiden from Glenfield, George River, near Sydney, New South 
Wales, there was more than one leaf over a meter long. Fig. 24 
shows the junction of sheath and limb in one of these ribbon leaves. 
The ligule, which occurs in Eutriglochin (for example, T. maritima, 
fig. i), is absent. The sheath wings {sh) are membranous, and such 
vascular tissue as they contain is comparatively inconspicuous. 
In their structure the leaves of T. procera show a great range of 
variation. Fig. 2^A~E represents a series of transverse sections 
from below upward through a leaf of a plant from Glenfield, in 
which the ribbon leaves were large and strongly formed. Fig. 25^! 
represents the basal sheathing region. The narrow band of meso- 
phyll between the upper epidermis and the lacunae consists of 
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cells not elongated at right angles to the surface of the leaf. On 
the other hand, in fig. which reiiresents the main part of the 
leaf, the palisade is several layers deep, but the individual cells 
are not greatly elongated. There are about half a dozen main 
bundles, and also a large series of smaller bundles, placed nearer 
the adaxial surface of the leaf, just below the palisade. All the 
bundles are normally orientated. Fig. 2$C-E shows sections 
near the apex. The zone im) in C is a band of mesophyll tissue 
which has lost most of its palisadic character. At this stage there 
is an increase in the amount of xylem, and most of the bundles 
are cut obliquely in transverse sections, since they are beginning 
to converge. Fig. 2$D shows considerable bundle fusion, and a 
further development of wood. In fig. 25F the bundles have 
united into two elongated vascular bands, consisting chiefly of 
tracheal elements. As in T. maritima and T. hulhosa, no sign of 
any apical opening was found. The stomates of the leaf epidennis 
are seen in fig. 26. Fig. 2gA-D shows a somewhat different type 
of leaf belonging to the same species; the specimen in question came 
from JNIanly, New South Wales. The limb (C’) is less conspicuously 
of the ribbon type, and the section represented included four irregu¬ 
lar series of bundles. One bundle on the adaxial side {ib) was ori¬ 
ented with the xylem downward. Fig. 28^4, B shows yet a third 
variation in leaf structure within the same species. These repre¬ 
sent the sheath and limb of an extremely small and delicate ribbon 
leaf from Crawford River, New South Wales. The limb (B) has 
no differentiated palisade tissue, and is traversed by one series of 
bundles only. Details of the leaf bundles of T. procera are shown 
in figs. 27, 2gB, D. As in Euiriglochm, the bundle sheath, in cases 
where it is one layered, consists of elements with a thickened inner 
wall (figs. 27 and 29Z)). 

Comparison and Summary 

Amphivasal bundles. “ “As regards vascular anatomy, the most 
noticeable point is the occurrence of amphivasal structure (“dis¬ 
position p6ripherique’^ of Chauveaud ii) in some of the minor 
leaf bundles of certain species of Eutriglochin. These amphivasal 
bundles, in which the tracheal elements inclose the phloem, have 
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been observed in Triglochin bidbosa (figs. 15^4^ B, and i 6 . 4 , 
ijA-C and i^A)\ T. mariiima var. deseriicola (fig. CB, C); and 
T, striata var. montevidensis (fig. 13^, C). Similar aniphivasal 
strands have been observed in the upper part of the coleoptile in 
Avena saliva and certain other grasses, and in the scutellum of 
Hordeum vulgare. In these cases the bundles are collateral at the 
base, becoming concentric higher up by the creeping of the xylem 
elements round the phloem. The amphivasal bundles of the 
Triglochin leaf seem to have a similar mode of origin (lig. 17.4-C). 
Concentric bundles are a familiar feature of monocotylcdonous 
rhizomes, and they have been described by Hill (12) for the axis 
of Triglochin. They are also known from the scutellum of Zea Mays 
(15), but, so far as known, there has not hitherto been any record 
of their occurrence in the foliage leaves of monocotyledons. 

P’lBROUS STRANDS. —^Another point in the vascular anatomy of 
Triglochin is the occasional replacement of normal bundles by 
strands consisting exclusively of fibers. Such strands are to be 
found in the scale leaves inclosing the bulbs of T. palnstris (fig. 
loB, C), and may also be observed in the base of the foliage leaf 
of the British T. mariiima. In material of T. mariiima from the 
Andes, however (fig. 4 ^ 4 ), they are developed on a more conspicu¬ 
ous scale, and it is clear from their position that they are degraded 
representatives of the bundles which, in the case of the British plant, 
have a normal equipment of xylem and phloem. Fig. h\ G 
shows gradations between a normal vascular bundle, in which the 
fibers merely form a sheath on the phloem side, to a strand con¬ 
sisting exclusively of fibers. The bundles in question occurred in 
a prophyll of T. mariUma, but such gradations are not peculiar 
to this genus, and can be paralleled in other monocotylcdonous 
leaves (i). 

Structure of leaf apex.-T have made some study of the 
anatomical changes met with in certain species of Triglochin as the 
apex of the limb is approached. These changes are illustrated for 
T. mariiima in fig. 3^4-6', for T. bulbosa in figs. i^A-E and 19, 
and for T. procera in fig. 2^C-E. A marked feature in these 
three cases is the relative increase in the development of xylem as the 
apex is approached. Increase in wood and sclerized tissue at the 
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extreme apex of the limb, indeed, is a common phenomenon in 
monocotyledonous leaves (3, 5). In lyiglochin at least, it seems 
impossible to interpret this excessive xylem development on teleo¬ 
logical lines, since there is no indication of any ‘‘apical opening,’' 
or of terminal water pores. In the case of T. marilima^ secondary 
xylem is formed in the apical region on a scale which is unusual for 
the foliar bundle of a monocotyledon (fig. t^B). The ultimate 
fusion of the bundles is brought about by tracheal branches which 
pass from one of the masses of secondary xylem to the next. In 
previous i)aj>ers (2, 6) it has been shown that in the leaves of mono¬ 
cotyledons the tracheal elements of the cross connections, uniting 
the longitudinal veins, tend to be attached exclusively to the 
secondary xylem of the longitudinal bundles, in cases in which a 
distinction between primary and secondary wood can be recognized. 
The behavior of the xylem in the leaf lips of T. maritima thus fur¬ 
nishes another example of the part played by secondary xylem in 
lateral connections between the foliar bundles of monocotyledons. 

PkOPHYLLS and “ SQUAMULAE INTRAVAGINALES.” -Although 
previous investigators have described the prophyll of the lateral bud 
(8, 14) and the origin of the “squamulae intravaginales,” which are 
found among the young leaves of Triglockin (12,13), these structures 
have not been figured to show their anatomical relations, so I have 
drawn transverse sections of a lateral bud of T. maritima at different 
levels (fig. 5/I D), since these sections include both the organs in 
question. The squamules have been discussed more fully else¬ 
where (7). 

Ribbon leaves.- The leaves of Triglockin striata var. monte- 
vidensis {Entriglochin) and of T. procera (Cycnogeton) belong to 
the “ribbon’’ ty}U‘. I have not been able to make a thorough 
examination of the former, but have had the opportunity of cutting 
sections of a number of specimens of T. procera from different local¬ 
ities. The leaves of this species, although conforming to the general 
aquatic ribbon type, present a series of structural variations, which, 
however, appear to grade into one another. Fig. 25 shows a very 
well developed ribbon leaf, with adaxial palisade parenchyma, and 
numerous bundles in two series. The leaf probably floated upon 
the water surface. Fig. 28A, B represents a more delicate ribbon 
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leaf, which most likely was entirely submerged. It has no palisade 
parenchyma, and the vascular system of the limb, at the level 
shown, consists of six bundles in a single series. It closely resembles 
a small ribbon leaf of Sagitlaria sagiUiJolia (4). On the other hand, 
fig. 2gA , D shows a solider type of leaf, whose structure recalls that 
of the Sagittarias of the teres group (4), or of the petioles of those 
leaves of 5. sagitiifolia which are transitional in structure between 
ribbon leaves and leaves with a differentiated limb (4). The 
parallelism between the ribbon leaves in the Scheuchzeriaceae 
and Alismataceae, referred to in a previous paper (4), thus finds 
expression in the anatomy as well as in the more obvious external 
characters. 

Balfour Laboratory 

Cambridge, England 
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EXPLANATION OF PLATES VUI X 

Throughout, xylem (ry) shown in black, and in high power drawings walls 
of elements indicated in solid black; phloem {ph) in white; fibers (J) dotted, 
and in high power drawings thickness of wall indicated by double lines; c/>, 
epidermis; hyp, hypoderm; pah palisade parenchyma; ih.. bundles with 
xylem directed downward; mb, median bundle; ml, main lateral bundle; 
lac, lacunae, the outlines of which are in some but not all cases indicated by 
dotted line. Since majority of sections were cut from dried material, there is 
often some distortion owing to incomplete recovery of original form, so that 
the transverse section is more contracted and less symmetrical than it would 
have been in life. 

PLATE VIII 

Figs. i-s. -'Etij^lochin maritima. Fig. i: sheath (.v), and base of limb (/), 
with ligule, Uy, (slightly reduced). Fig. 2: A, transverse section of leaf sheath 
from Norfolk (X23), /, small strands consisting of fibrous elements alone; 
B, transverse section of limb of another leaf from Norfolk (X14). Fig. 3 A-C: 
transverse sections from microtome series, from below upward, through apical 
region of old leaf from Wells, Norfolk; .1 (X23); B, median bundles of section 
a little below .1 (X318), .ry,, primary xylem, .ry^, secondary xylem; C, trans¬ 
verse section close to apex (X23). Fig. 4 . 1 , B: transverse section of sheath 
(/I) and limb (B) of leaf from Patagonia (X47K Fig. 5 A~D: series of trans¬ 
verse si'Ctions from below upward through lateral bud (lb) with its prophyll 
(/>;•), and first leaf after prophyll (JA. Parent axis would lie toward foot of 
page. “Squamulae intravaginales” (j, b, r, d, a, | 3 ) shaded. Fig. 5 E G: three 
of bundles from /) (X3i8); E is bundle marked with arrow on lower side of 
section; F, bundle marked x; G, bundle marked with arrow on upper side of 
section, consisting exclusively of fibers. 

Fig. 6 A~C .— Triglochin maritima var. drscrtir.ola (co-type from Herbarium 
of University of Cordoba); A, transverse section of sheath (X47); trans¬ 
verse section of limb (X47); two bundles (.v) in show amphiva.sal character 
of that to the right hand (X3i8). 

Fig. 7.— Triglochin concinna, California, Kew Herbarium: transverse 
section of limb (X47). 

PLATE IX 

Figs. 8-10.— Triglochin palustris. Fig. 8: transverse section of limb of 
leaf from Surrey (X23). Fig. q: transverse section of limb of leaf from Andes 
(X23). Fig. 10: . 1 , ba.se of plant (X0.5), Kew Herbarium, with two stolons 
(5/) terminating in bulbs (b), other stolons omitted, /, young leaves, //, fibrous 
remains of older leaves; B, transverse section of sheathing leaf inclosing 
bulb (X14); C, region including strand (/) in B (X318), ue, upper epidermis, 
le, lower epidermis; />, transverse section of thickened leaf of bulb (Xi4)* 
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Fig. II.— Triglochin striata: transverse section of limb of leaf from Natal, * 
Kew Herbarium (X23). 

Fig. 12.— Triglochin striata var. a triandra: transverse section of limb of 
leaf from New Zealand, Kew Herbarium (X23). 

Figs. 13 A-C.—Triglochin striata var. montevidensis, from Mendoza, 
Argentina: A, transverse section of leaf sheath (X47); B, transverse section 
of limb of another leaf (X47), bundles (x) are amphivasal; C, amphivasal 
bundle from section similar to B (X318). 

Figs. 14-19. — Triglochin hulhosa. Fig. 14 A~D^ material from Crete, 
Kew Herbarium, series of transverse sections from extreme top of sheath (^ 4 ) 
to near apex (D) (X23). Fig. 15 A^ B, transverse sections of another leaf 
from Kew Herbarium; A , transverse section of limb, including ten amphivasal 
bundles (X47); B, group of bundles inclosed in dotted line in A (X193); 
tracheal elements and fibers alone represented. Fig. 16: A, transverse section 
of limb of another leaf (X14), four bundles (ar) are amphivasal; one of 
amphivasal bundles in A (X318). Fig. 17 yl, B, C, a minor bundle followed 
upward from below in serial sections through leaf sheath (X193). Fig. 17 C, 
near upper limit of sheath, xylem has inclosed phloem, tracheal elements are 
indicated, but phloem is merely outlined. Fig. 18 A-B, transverse sections 
from microtome series passing upward from below through apex of leaf; A 
(X47); B-E (X77). Fig. 19, radial longitudinal section from microtome series 
passing through leaf apex (X318). 

PLATE X 

Figs. 20 A, B.—Triglochin laxijlora: two transverse sections of one leaf 
from Malta, Kew Herbarium (X23); B, nearer apex. 

Fig. 21.— Triglochin Stowardii: West Australia, Kew Herbarium; trans¬ 
verse section of limb of leaf (X47). 

Fig. 22. —Triglochin Andreivsii: West Australia, Kew Herbarium; trans¬ 
verse section of limb of leaf (X47). 

Fig. 23. —Triglochin minutissima: George Town, Kew Herbarium; trans¬ 
verse section of limb of leaf (X47). 

Figs. 24-29.— Triglochin procera. Fig. 24, junction of sheath and limb of 
leaf from Glenfield, George River, near Sydney (rather more than Xo.s); sh^ 
sheath wings. Fig. 25 A-B, series of transverse sections from below upward, 
through leaf from Glenfield (X 14) ; A, basal sheathing region; B, main part of 
ribbon limb, divided because too wide for page. Fig. 26, epidermis and 
stomates of leaf from Glenfield (X193); guard cells dotted for distinctness. 
Fig. 27, median bundle from transverse sections of leaf (locality unknown) ; 
pXy protoxylem space; hsh, bundle sheath (X193). Fig. 28^!, B, transverse 
sections of leaf from Crawford River, New South Wales; A, sheath (X14); 
B, limb (X23). Fig. 29 A-B, transverse sections of leaf from Manly, New 
South Wales ; A, C, sheath and limb (X 23) ; B, bundle marked (x) in A (X193); 
B, marginal bundle, such as that marked (x) in C (X193). 
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INFLUENCE OF SODIUM ARSENITE ON 
MICROFLORA OF SOIL 

J. E. Greaves and E. G. Carter 

Arsenic is present in many rocks and waters (14), and it has 
been found in varying quantities in a number of virgin prairie 
soils (2, 12), and soils of the arid regions often contain it. Some 
cultivated orchard soils contain it to the extent of 138 parts per 
million (5). The quantity of water-soluble arsenic in such soils 
varies with the total arsenic applied, and also with the quantity 
of alkali salts present. There is also being applied to soils in some 
districts arsenites (4) which are conceded to be much more toxic 
to plants than are the arsenates (21). The results obtained in a 
study of the influence of the arsenates on the microflora of the 
soil have been published (6, 7, 9), hence it is the province of this 
paper to consider the influence of sodium arscnite upon the soil 
miCToflora. 

Method 

The work was conducted on three different soils. Soil no. i 
was a fine sand of sedimentary origin and well supplied with all the 
essential plant elements except nitrogen, which was low. It 
contained a liberal supply of calcium and magnesium carbonate, 
but the organic content was very low. Soil no. 2 was a calcareous 
silt loam (10) which was exceptionally rich in phosphorus and 
pota ssium, but low in nitrogen and organic matter. The calcium and 
magnesium contents were exceptionally high, and for this reason 
one might conclude that the soil was unproductive. Just the 
reverse is true, however, for the soil was very fertile, and even with 
its low nitrogen and organic content produced excellent aops. 
Soil no. 3 was the same type of soil as no. 2, but had received fifteen 
tons of manure annually for the last fifteen years. 

Number of organisms * 

The various quantities of sodium arsenite were added from a 
standard solution to 100 gm. portions of the different soils. These 
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were incubated at 28^-30® C. for ten days and then plated on 
synthetic agar having the following composition: distilled water, 
1000 cc., dextrose, 10 gm., dipotassium phosphate, 0.5 gm., mag¬ 
nesium sulphate, 0.2 gm., powdered agar, 20 gm. Dilutions were 
made of i to 20,000 and i to 200,000, incubated for seven days, and 
then counted. No attempt was made to differentiate bacteria from 
fungi, but all were listed together as total numbers of colonies. 

The ammonifying powers of the soils were determined by incu¬ 
bating 100 gm. of the soil with 2 gm. of dried blood to which the 
requisite quantity of sodium arsenite had been added. The 
moisture was kept at optimum and at the end of four days the 
ammonia determined. The nitrifying powers were determined in 
a similar manner, except that the samples were incubated twenty- 
one days and the nitrates determined by a modified Ulsch method 
(ii). The numbers of organisms found in the three different soils 
with and without sodium arsenite are given in table I. The results 
as reported are the averages of four or more determinations. The 
untreated sandy soil contained 1,000,000 microorganisms which 
were capable of developing on synthetic agar. After one part 
per million of arsenic was added to this soil the number was doubled. 
By the time no parts per million of arsenic had been applied, the 
bacterial numbers had reached 4,000,000. At the highest concen¬ 
tration tested the numbers had increased eight times. 

The unmanured loam receiving qo arsenic contained even fewer 
bacteria that would develop on synthetic media than did the sandy 
soil. The application of sodium arsenite to this soil greatly increased 
the total numbers, so that by the time 200 parts per million had 
been applied to the soil the bacterial numbers had b^en increased 
thirty times. 

The manured soil untreated with arsenic contained many more 
organisms than did the unmanured soil. The increase in number 
due to the application of sodium arsenite was about the same as the 
increase in the sandy soil. In the sandy soil there was an increase 
of 800 per cent due to the arsenic, and in the manured soil an 
increase of nearly 700 per cent. The unmanured soil gave an 
increase much greater than either of the others. The nature of 
the curves which one obtains from the plotting of these results is 
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quite similar in all three cases. There is an upward trend in all, 
which is very great in all cases where approximately 100 parts per 
million of arsenic had been applied to the soil. There is no down¬ 
ward trend in any of the curves, even when 200 parts per million 
of soluble sodium arsenite had been applied. This raises the ques¬ 
tion as to how much sodium arsenite may be applied to these soils 


TABLE I 

Influence of sodium arsenite upon number of bacteria in soil 
( ro days) 


Treatment 
AKSENre (P.P.M.) 

Number of BAcrrERiA developing upon fynthetic agar 

Sandy soil 

College farm soil 
unmanured 

College farm soil 
manured 

None. 

I,000,000 

QOOjOOO 

3,900,000 

I. 

2,200,000 

4,600,000 

3,400,000 

TO. 

2,000,000 

5,000,000 

4,000,000 

20. 

2,100,000 

6,800,000 

5,600,000 

30 . 

2,200,000 

7,800,000 

5,800,000 

40. 

2,200,000 

7,800,000 

7,200,000 

50 . 

1,800,000 

7,600,000 

7,000,000 

60. 

1,600,000 

7,800,000 

7,200,000 

70. 

1,500,000 

9,000,000 

7,400,000 

80. 

1,800,000 

9,400,000 

7,800,000 

go. 

I,000,000 

13 300,000 

9,800,000 

TOO. 

2,700,000 

13,400,000 

11,000,000 

no . 

4,000,000 

13,?oo,ooo 

12,600,000 

120. 

4,200,000 

13,000,000 

13,200,000 

130. 

4,400,000 

13,000,000 

13,000,000 

140. 

8,200,000 

17,200,000 

13,200,000 

150. 

5,000,000 

16,200,000 

14,400,000 

lOo. 

5,600,000 

17,400,000 

14,600,000 

170. 

6,200,000 

17,800,000 

18,200,000 

180. 

6,600,000 

21,400,000 

19,200,000 

IQO. 

7,100,000 

26,000,000 

25,400,000 

200. 

8,000,000 

27,600,000 

26,000,000 


before it would become toxic. It may be that the water-soluble 
arsenic does not rapidly increase in any of the soils, as there would 
undoubtedly be reactions between the calcium, iron, and other 
constituents, with the formation of difficultly soluble arsenic 
compounds and the production of sodium carbonate, which in a 
measure may account for the increased number. This, however, 
does not account for the great increase noted. 

The results do not appear to be explained by assuming, as do 
Russell and Hutchinson (i8 ), that the soil population is complex, 
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and that some of its numbers act detrimentally on the bacteria^ 
and that these are more readily killed than the bacteria. We have 
found no initial decrease as is the case with heat and volatile anti¬ 
septics. Moreover, oj(ie would expect that if the limiting factor be 
protozoa, the increase would be much more rapid in the manured 
than in the unmanured soil, but this is not the case. It would 
appear, therefore, that the arsenic is a direct protoplasmic stimulant 
which for a time increases bacterial growth. One of us (8) has 
shown that in pure cultures the metabolic activity of Azotohacter 
is increased for a time. This increase is followed by a negative 
phase which is similar to the negative phase following the use of a 
protoplasmic stimulant. Probably if the bacterial flora of these 
soils were followed long enough they would pass back to normal, 
and for a time might even show a negative phase. 

Ammonification 

The results obtained for the same soils in ammonification tests 
are given in table II. These also are the averages of four or more 
closely agreeing determinations. The toxicity of sodium arsenite 
regularly increases in the sandy soil, so that when the arsenic 
applied has reached 8o parts per million, the ammonia found 
after the lapse of four days has been reduced to one-half normal. 
When 200 parts per million of arsenic was applied there was only 34 
per cent as much ammonia as in the untreated soil. The results for 
the college loam are similar, except that the toxicity of the arsenic 
does not increase as rapidly, and it is not until 200 parts per million 
of arsenic is applied that ammonification is reduced to one-half 
normal. On the other hand, the manured college doam shows 
first a stimulation and then a less rapid increase in toxicity. These 
are the only results which could be interpreted in the light of the 
protozoan theory. It would seem that the increase of the organic 
colloidal material in the soil decreases the toxicity of the soluble 
sodium arsenite, through the formation of a colloidal arsenite 
which may be less soluble than is the sodium arsenite. If this is 
the case, we should probably find that the toxicity would return as 
the organic manures decayed. 

It is interesting to note that sodium arsenite has increased the 
total munber of bacteria from eight to thirty times, and only in 



1924 ] GREAVES & CARTER—MICROFWRA OF SOIL 67 

four concentrations, and that only in the heavily manured college 
loam did the ammonifying powers increase. It cannot be argued 
that the ammonifying powers have been increased, and to a still 
greater extent the organisms which feed upon ammonia increased, 
as the greatest increase in numbers is not found in those soils 
which exhibit the greatest decrease in ammonia production. It 
would appear that if the arsenite has increased the number of 

TABLE II 

Influence of sodium arsenite upon ammonifying powers of soil 


Treatment 

ARSENIC (P.r.M.) 

MxLUORAMS of AMMONIA PRODUCED IN lOO CM. OF SOTI. 

Sandy soil 

CollcKC farm soil 
unmaimred 

CollcRe farm soil 
manured 

None. 

136.4 

101.0 

91.8 

I. 

109.8 

85.0 

99.2 

10. 

109.8 

86.0 

T 02 . I 

20 . 

95-5 

84.0 

104. 7 

30. 

80.9 

88.4 

96.5 

40. 

« 3-3 

93-5 

81.6 

50. 

« 3-3 

8 S -7 

74.1 

60. 

83.3 

97-6 

72.4 

70. 

66.6 

88.4 

69.0 

80. 

70.0 

95 '7 

08.3 

90. 

57.1 

93 1 

7 T.O 

100. 

56.7 

9 *} -1 

68.3 

110. 

52.7 

82.9 

69.0 

120. 

49.3 

77.8 

69 3 

130. 

50.6 

68.6 

74-1 

140. 

47.9 

68.3 

72.7 

150. 

47-6 

66.3 

t> 9.3 

160. 

47-9 

71.0 

68.4 

170. 

47.2 

63 -5 

68.5 

180. 

47.2 

62.2 

56.7 

190. 

46.9 

60.8 

65 -9 

200. 

46.9 

48.9 

^> 3-9 


ammonifying organisms of these soils, it has decreased their physio¬ 
logical efficiency to a still greater extent. If it has not increased 
the total number of ammonifiers in these soils, it makes one ask 
what groups were increased. Green and Kestell (12) found that 
members of the suhlilis group were very sensitive to sodium arsenite, 
whereas members of the putidum group were very tolerant, some of 
them growing in one per cent arsenite broth. Arsenites, therefore, 
may decrease multiplication in a species with a high physiological 
efficiency and accelerate it in a species with a low efficiency. 
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Sodium arsenite is more toxic to the ammonifiers than is sodium 
arsenate. For example, one part per million of arsenic in the form of 
sodium arsenite stimulates ammonification in the college loam. 
This stimulation continues until seven parts per million of arsenic 
in the form of sodium arsenate has been applied, whereas sodium 
arsenite is toxic even when one part per million is applied. In this 
regard the bacteria act similarly to the liigher plants, that is, they 
are more sensitive to arsenites than to arsenates, provided the 
cation in combination with the arsenic is not toxic. For instance, 
zinc arsenite (7) is less toxic than is copper arsenate, but sodium 
arsenite is more toxic than is copper arsenate. If we compare the 
less soluble compounds, arsenic trisulphide and lead arsenate, the 
difference is still greater. It is conceivable that the toxicity of the 
arsenites may decrease after they have been in the soil some time, 
due either to the oxidation of the arsenite to the arsenate or through 
the bacteria developing a tolerance for the same (17). 

Nitrification 

The results for the nitrification tests are given in table III. 
These also are the average of three or more closely agreeing deter¬ 
minations. In none of the soils tested w^as sodium arsenite a 
stimulant to the nitrifiers, unless it be assumed that the great 
increase in numbers is due to organisms which utilized nitrates, 
thus preventing their accumulation. If this were the case, we 
should expect the greatest decrease in nitrates where the greatest 
increase in number is found. This is not the case. It appears, 
therefore, that there is no stimulation of nitrifiers by sodium 
arsenite. On the other hand, sodium arsenate (7) when applied 
in the proportion of 85 parts arsenic per million of soil increased 
the accumulation of nitrates in this soil by 50 per cent. Further¬ 
more, lead arsenate, Paris green, zinc arsenite, and arsenic tri¬ 
sulphide all act as direct stimulants to the nitrifiers. Sodium 
arsenite was more toxic in the sandy soil than in the college loam, as 
was also the case with the ammonifiers. It thus appears that the 
organic colloids act as a protection to the nitrifiers as well as to the 
ammonifiers. Sodium arsenite is much more toxic to the nitrifiers 
than are the arsenates. In this respect the ammonifiers and nitri- 
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fiers are similar to the higher plants, as Knop (15) found that 
arsenites were much more toxic in water cultures to maize plants 
than were arsenates. This is also true when the plants are grown 
in sand (21). 

The increase in numbers without an apparent increase in the 
ammonifying and nitrifying powers of the soil raises the interesting 
question as to what species are increased. There is the possibility 

TABLE III 


InFUTENCE of sodium ARSEKITE upon NITRIFYINO POWERS OF SOIL 


Trkatmknt 
AKSKNIC (P.P.M.) 

MiLUGKAMS ok NITRir NITROOES FORMFD IN lOO OM OF SOIL 

Sandy soil 

Colletre farm soil 
unmanured 

College farm soil 
manured 

None. 

25.9 

65 8 

71.4 

I. 

ig.(} 

62.3 

^ 9-3 

10. 

j8. 9 

60 9 

67. 2 

20. 

18.9 

()0 2 

66.5 

SO. 

18.2 

55-2 

63.0 

40. 

18.9 

5 *- 7 

93 • 0 

50. 

j8. 2 

49 - 5 

58.1 

{)0. 

j6.8 

49.5 

59. 7 

70. 

18.9 

4 <) 5 

54 9 

So. 

15 4 

47-4 

49-7 

go. 

J4.7 

48.1 

49. 7 

100. 

18 3 

40. 7 

49 7 

ITO. 

13 3 

43-9 

49 .9 

T20. 

11.9 

44.0 

45-5 

L>o. 

11.9 

43 9 

42. 7 

140. 

« 0-5 

43-9 

43-4 

150. 

r I. () 

43 g 

42.7 

lOo. 

TO 4 

43 - 2 

4 T -3 

170. 

TO. 5 

42.5 

41-3 

180. 

g.8 

42.5 

40. () 

190. 

9.8 

38 9 

41 3 

200. 

9.8 

38 9 

30 9 


that the number of ammonificrs is increased and their physiological 
efficiency decreased. Danbeny (3) watered barley plants with a 
solution of arscnious acid (i once in 10 gallons) five times in succes¬ 
sion, and found that the crop arrived at maturity about a fortnight 
earlier than the untreated part of the crop, although the amount 
harvested was rather less. This may be what has happened with 
regard to the bacteria. The arsenite has hastened maturity and 
has correspondingly decreased the physiological efficiency, or, the 



























70 BOTANICAL GAZETTE [march 

arsenite may accelerate multiplication in the less efficient groups 
and retard it in species having a high physiological efficiency. 

Knop considered that the stimulation of plants by arsenic was 
due to its replacing in a measure phosphorus. Stoki.asa (20, 21), 
however, found that arsenic was unable to replace phosphoric acid, 
the plants dying in the flower in the absence of the latter. The 
senior author (8) has shown that arsenic cannot replace phosphorus 
in the nutritive media of the Azoiobacter. It may, through a 
chemical interchange with the insoluble phosphorus of the soil, 
render phosphorus soluble, but if the Azotohacler is seeded into 
silica sand, in which the phosphorus of the Ashby media has been 
replaced by arsenic, there is no nitrogen fijcation. Furthermore, 
the results point to the conclusion that the arsenic is a direct 
protoplasmic stimulant which shows first an increase in activity, 
followed by a negative phase. The stimulation of higher plants 
by arsenates (19) but not by arsenites (i) is what we could expect 
from these results. Ammonification, nitrification, and azofication 
are largely increased by the application of arsenates to a soil; 
hence the available nitrogen would be proportionally increased for 
the growing plant. Furthermore, the increased bacterial activity 
would yield increased quantities of various acids, which in turn 
would react with the comparatively insoluble phosphorus-carrying 
and potassium-carrying minerals of the soil and render them 
available to the plant. 

Summary 

1. Sodium arsenite applied to a soil greatly increases the number 
of organisms in that soil which will develop on synthetic agar. 

2. In only three dilute concentrations were the ammonifiers 
stimulated by the addition of sodium arsenite to a soil. The soil 
in which stimulation was noted was a calcareous loam high in 
organic content. If the number of ammonifiers in a soil are 
increased by the addition of sodium arsenite to a soil, their physio¬ 
logical efficiency is reduced to such an extent that there is a decrease 
in the accumulation of ammonia over that found in an untreated soil. 

3. Sodium arsenite is toxic to nitrificrs when added to a soil 
in only one part per million, whereas even 85 parts per million of 
arsenic in the form of sodium arsenate stimulates. 
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4. Sodium arsenite is less toxic to ammonifiers and nitrifiers 
in a loam soil than in a sand, and still less toxic in an organic loam 
than in a silt loam. The organic colloid probably forms a loose 
chemical combination with the arsenic, thus protecting the bacterial 
flora against its action. 

5. Although comparatively large quantities of arsenates may 
accumulate in a soil without injuring its .beneficial microflora, 
only small quantities of sodium arsenite may accumulate without 
producing ill effects. 

Agricultural Experiment Station 
Logan, Utah 
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PREFERENTIAL FERTILIZATION IN 
OENOTHERA LAMARCKIANA 

Hugo de Vries 

In the cultures of mutant races of Oenothera Lamarckiana, one 
of the most common difficulties lies in the deviations shown by the 
splitting phenomena from the ordinary rules. After the self- 
fertilization of a splitting race, or after a cross, the expected types 
appear, as a rule, but in unexpected numerical relations. According 
to the individual cases, this may be due either to a differential 
growth ratio of the germs within the ripening seeds, or to prefer¬ 
ential fertilization. 

The former cause prevails among crosses of the mutants 0 . gigas 
and 0. semigigas, but the second seems to be of more general 
occurrence. The latter may depend upon differences in individual 
vigor of the pollen grains as well as of the ovules. Some kinds of 
pollen will prcxluce tubes with a rapid growth, whereas other tubes 
will have a slower development, as has been shown by the researches 
of Nilsson (i) and Renner (2). Some ovules may attract the 
pollen tubes more effectively to their micropyle than others, and 
this supposition may explain the deviations in those cases in which 
homogeneous pollen is used. 

We will first consider the cross between 0 . Lamarckiana mut. 
veluiina ( 0 . blandina) and 0 . Lamarckiana itself, as described by 
the writer (3). 0. blandina has only one kind of gamete, belonging 
to the type of 0. vclutinUy but modified in different points, and 
especially in having no lethal factor. The cross was made in 1913, 
the first generation yielding, as was to be expected, about one-half 
of the type 0. laeta^ the other half belonging to the pattern of 0. 
velutina. Some of the hybrids of the first group were self-fertilized. 
After the rule for monohybrid splittings, we should expect the 
progeny to consist of 25 per cent laetaXlaeta, 25 per cent blaftdinaX 
blandina, and 50 per cent laetaXblandina, The first combination, 
or 0. amphilaetay must result in barren seeds, on account of the 
73I [Botanical Gazette, vol. 77 
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lethal factor of the 0 . laeta gametes. Thus the ratio of the culture, 
resulting from the cross, would become two-thirds hybrids of the 
0 . laeta type and one-third 0 . hlandina. Instead of this, 33 per 
cent 0. laeta and 67 per cent 0. blandina were counted. 

In order to explain these unexpected figures, we may assume 
that the pollen and the ovules of the race of O. blandina are more 
vigorous than those carrying the 0 . laeta gametes in 0 . Lamarckiana. 
After fertilization, the 0 . hlandina tubes will come first into the 
ovary, and the O. blandina ovules will attract them vigorously. 
The first copulations will produce almost purely 0 . blandina germs, 
and only later will the remainder embrace the other possible 
combinations also. It is evident that such a process may be 
influenced strongly by external conditions, and therefore that we 
must expect the deviations to be very variable in amount. 

In analogous crosses of 0 . hlandina this type not rarely reaches 
about 90 per cent of the living progeny of the hybrids, and this 
holds good for almost all the experiments made with this race (4). 
Whenever the differences between the expected forms among the 
progeny of a cross are such as to be obvious in the seed pans or in 
the seedling boxes, the superfluous specimens of 0. hlandina may be 
pulled out before transplanting into the garden, but in other cases 
they may considerably reduce the number of plants of the desired 
type on the beds, if space is limited. 

The same predominance of O, amphivelutina fertilizations is 
observed in those cases where a lethal factor is present, killing the 
germs within the seeds. The number of barren grains must then 
be ascertained. 0 . mut. oblonga and O. mut. albida may be chosen 
as examples. Their formulas are {oblonga'+velutina) Xvelutina and 
{albida'+velutina)Xvelulina, From this we should expect about 
50 per cent of barren grains in both races, after self-fertilization. 
The figures obtained from the harvest of 1913 and 1921 for biennial 
0. oblonga, however, were 57-62-70-82-83, giving an average of 
71 per cent barren grains. For the annual plants of the same race 
(1911 and 1914) it was still higher. I found 67-75-94-94-95, or 
together 85 per cent. 0 . albida is a race of weaker constitution, 
and as a rule gives a still poorer harvest. I counted 84-87-89-99, 
or an average of 90 per cent empty seeds. So it is in numerous 
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Other instances, the 0 . amphivelutina germs occurring almost 
always in a greater quantity than would be expected. 

On the other hand, 0 . amphilaeta germs are usually produced in 
too small numbers. It may suffice to give the figures for three of 
the newest races, the formula of which is {mutant'+laeta)Xlaetay 
which w^oukl give 50 per cent of living germs reproducing the race, 
and 50 per cent of laetaXlaeta, resulting in barren grains. The 
observed figures, however, were for 0 . Lamarckiana mut. nitens 
20- 35 per cent, for 0 . Lamarckiana mut. distans 23-32 per cent, and 
for 0 . Lamarckiana mut. elongaia 31 per cent. From this wt may 
conclude that the O. laeta ovules were fertilized in these cases in too 
small numbers. The same condition prevails in other instances. 
If the pollen of these races is brought on to the stigma of other 
types, having two kinds of ovules, the 0. amphilaeta will also be in 
the minority. For example, they w^ere reduced to 3 per cent in 
0 . LamarckianaXelongata, to 15 per cent in 0 . oblongaXclongata, 
and to II per cent in 0 . oblongaXnitens, 

From these considerations it is clear that, in order to be com¬ 
pared with the relations derived from the general rule for mono¬ 
hybrid splitting, the figures found for the fertilization of gametes of 
the t>pc of 0 , velutina should be diminished, whereas those for the 
group of O. lacta should be increased. Constitutional strength of 
the races used, individual vigor, and the conditions of the cultures 
seem to be the chief cau.ses which determine for each case the amount 
of the deviation. 

Besides these, internal and hereditary factors may play some 
part in producing this phenomenon. Especially it may be presumed 
that the lethal factors might be a cause of a weaker constitution, 
and thereby influence the degree of the deviations from the numeri¬ 
cal cxi>ectations. In order to try this, I have chosen a hybrid race 
which has only gametes of the type of 0. laeta, but some modified 
and the others normal, the latter having the ordinary lethal factor, 
whereas the first have lost it. 

In a previous article (5) I have described the hereditary behavior 
of 0 . rubrinervis. It is a half mutant from 0 . Lamarckiana, in 
which the 0. laeta gametes have been modified in such a way as to 
lose their lethal factor and to obtain a factor for brittleness. In 
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the self-fertilization of this race these gametes produce brittle 
individuals almost without empty seeds, which have been the origin 
of a new race, called O. Lamarckiana mut. deserens. If this race 
is crossed with the parent species we get two kinds of hybrids, the 
composition of which may be expressed by the formulas 0, 
{deserens^Xlaeta) and O. (deserens^Xvehitina), both of which are 
viable. To the former I have given a special name, 0 . lucida (5), 
since it has often been used in crosses or as a control for identifying 
the characters of other hybrids. This hybrid, O. lucida, evidently 
has the formula deserens'+laetaXdes€rens'+kcta, and therefore 
may be made use of for a comparison of the vital gametes of 0. 
deserens with the lethal ones of 0 . laeta. In the present investiga¬ 
tion, however, we are only concerned with the number of germs 
produced by these two forms in different crosses. 

The cross O. deserens X Lamarckiana has given 18 per cent of 
0 . lucida and 82 per cent of 0 . suhrobusta, the latter representing 
the combination 0 . deserensXvelutina. This obviously gives a 
confirmation of the preferential fertilization, among the uniform 
ovules of 0. deserens^ by the pollen tubes of the type of 0. velutina. 
The specimens of O. lucida obtained in this experiment had 14-15 
per cent empty seeds. Among their living progeny I counted in 
1917 39-55 per cent of the parental type, and 45-61 per cent 0. 
deserens. If w’e compare these figures with the hybrid formula, 
which would lead us to expect 25 per cent barren 0. amphilaeta 
seeds, 25 per cent pure 0. deserens, and 50 per cent of the hybrid 
combination, giving two-thirds O. lucida and one-third 0. deserens 
on the beds, we see that the 0 . deserens Xdeserens have a marked 
advantage over the O. deserens Xlaeta, which may be ascribed to 
the greater weakness of the 0. laeta gametes, female as well as male. 

In the first place, I have studied the ovules of the hybrid 0 . 
lucida^ fertilizing them by uniform pollen of different constitution. 
In O. albida the pollen is O. velutina, with its usual lethal factor. 
Combined with 0 . lucida it gives hybrids of the types of 0 . Lamarcki¬ 
ana { — laelaXvelutina) and 0 # rubrinervis { —deserens'Xvelutina). 
0 . elongata, which is a mutant from O. simplex, has only 0. laeta 
gametes among its active pollen grains. It must produce barren 
grains of 0 . amphilaeta besides the maternal type {-deserens'X 
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laeta). 0 . Lamarckiana mut. velutim- 0 . blandina has uniform 
pollen without a lethal factor. It should give partly a 0 . Lamarcki- 
ana-like hybrid {laetaXblandma)^ as previously described (3), and 
partly O. deserens'Xblandina or O. subrohusta. Lastly, 0 . deserens 
itself must reproduce from O. luMa partly the maternal and partly 
the paternal type. In eveiy case the expectation from the formula 
would be for equal parts of both types. 

The crosses were made in 1921 and sixty offspring were cultivated 
for each of them, comparing them during their whole lifetime 
(especially at the period of flowering and ripening their capsules) 
with analogous hybrids of known extraction. I'he types on the 
beds were those previously given, but the numerical results differed 
widely from the expectation. As is seen from table I, the culture 
on the bed of the second cross was a uniform one, whereas the others 
sharply showed their two types. 

TABLE I 

CrAMOLYSlS OP FEMALE GAMETES OP 0. HYBR. lucida 


Cross 

Percentage 

laeta'X mut. 

deserens'Xmut, 

0. lucida Xa-lbida. 

5 Lamarckiana 
14 empty seeds 

33 Lamarckiana 
42 lucida 

95 rubrinervis 

86 lucida 

67 subrobusta 

58 deserens 

0 . lucida Xclongata. 

(). lucida XblaudiDa. 

0. lucida X deserens. 

Average. 

22 

78 



It is evident that in the ovaries of 0 . lucida the oxniles of the 
0. deserens type are far more richly fertilized than those containing 
the pure 0 . laeia gametes. The lethal factor of the latter is thus 
seen to be connected with a smaller degree of attractiveness for 
the pollen tubes, and this independently of the nature of the 
latter. Perhaps the amount of attracting substances secreted in 
the micropyle is different in the two cases. 

We now come to the study of the pollen. In crosses with other 
species 0. laeta and 0. deserens both produce hybrids of the type 
0. laeUiy the brittleness being recessive in the first generation. 
Empty seeds are not to be expected, and the cultures seem to be 
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wholly uniform during the first months of their development. 
When the beds are flowering, however, in July and August, two 
types become visible, although with only small differential charac- 
ters. One of them is a normal 0 . laeta^ exactly the same as those 
from the corresponding crosses with 0 . Lamarckiana, The other 
has narrower leaves, broader flower buttons, and a weaker stature. 
It embraces, obviously, the specimens issued from the pollen grains 
carrying the 0 . deserens gametes. I made the crosses in the same 
year as the previous ones, and cultivated sixty flowering offspring 
of each of them in 1921. The numerical results are given in 
table II. In this table the second row gives the figures for the 


TABLE II 

Gamolysis of pollen of 0. HYBR. luctda 


Cross 

Percentage 

sp.Xlaeta' 

sp.Xdeserens' 


( 0. biennis Xlucida. 

48 

$2 


0. biennis Chicago Xlucida. 

70 

30 

A 

0. Cockerellixlucida. 

62 

38 


0. syrticola X lucida. 

44 

S6 


Average. 

56 

44 


f 0. HookeriXlucida. 

17 

83 


0. blandinaXlucida. 

S 

95 


0. deserens Xlucida... 

40 

60 


Average. 

21 

79 


hybrids with the normal type of the corresponding 0 . laeUi as 
obtained from 0 . Lamarckiana, whereas the third row embraces 
those with narrower leaves and broader buttons. 

In group A , the species used for the cross were small flowered 
ones having small styles. In these no difference between the two 
types of pollen tubes is shown by the figures. In the large flowered 
species of group J 5 , however, the difference is very obvious, since 
the relation is found to be about one-fourth to three-fourths instead 
of I to I. Evidently the pollen tubes of the 0 . laeta grains are far 
excelled by those of the 0 . deserens pollen grains, since so many 
more ovules are fertilized by the latter. 
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The results of the tables may be summarized by saying that in 
the hybrid 0 . lucida {deserensXLamarckiana laeta'), the gametes 
with a lethal factor are less effective in fertilization than those 
without that character. The lethal ovules, as well as the lethal 
pollen tubes, contribute a smaller part to the harvest than would 
be expected from the ordinary rule for monohybrid splittings. 
In other words, the 0 . laeta gametes are weak in fertilization, not 
only as compared with 0. velutina, but also in comparison with 
those of their own type, which lack their lethal factor. From 
these facts it seems probable that the cause of this weakness is 
connected in some way with the presence of the lethal. 
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LYCOPODIUM PROTHALLIA IN WESTERN 
MASSACHUSETTS 

Alma G. Stokey and Anna M. Starr 

In 1917 Spessard (4) published the first account of the finding 
of Lycopodium prothallia in America. At the same time Chamber- 
lain (3), in connection with his account of the prothallia and spore- 
lings of three New Zealand species of Lycopodium, gave a historical 
resume of the literature on Lycopodium prothallia, including 
accounts of collections both in the open and of cultures. Spessard 
referred his material to five species: L, complanatum, L. amiotinum, 
L. clavatum, and two which had not pre\dously been reported, 
L. lucidulum and L. obscurum. Later he published a note (5) 
stating that the specimens which he had called L. ohscurum were 
L. complanatum, but that in his later collections he had found 
undoubted L. obscurum prothallia. In 1922 he gave a more 
extended account of the prothallia of L. lucidulum and L. 
obscurum (6). 

Since October 1920, eleven stations have been found in western 
Massachusetts, of which seven, established by the writers and 
W. P. Stokey, will be described in this article, and four will be 
described by Degener in this issue. The seven stations are as 
follows: 

1. L. complanaium: Moody Comers, South Hadley. 

2. L. obscurum and L. complanatum: Island in Forge Pond, Granby. 

3. L. ohscurum: Mt. Toby, Sunderland. 

4. L. obscurum, L, complamtum, and L. clavatum: Smith Ferry Woods, 
South Hadley. 

5. L. obscurum: -Upper Lake Woods, South Hadley. 

6. L. obscurum: Aldrich Mills, Granby. 

7. L, ohscurum: Dark Woods, Granby. 

These stations are from one to sixteen miles apart, and are in 
three quite distinct types of woods. The first station was found in 
October 1920, and the others during the summer and autumn 
of 1922. A description of each station will be given, with a dis¬ 
cussion of the conditions which were found to prevail. 
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Station i, Moody Corners, South Hadley.—colony of more 
than loo sporelings of L. complanalum was found on the northeast 
facing slope of a glacial dump above a small brook, in an area of 
about 1.5X8 m. They were i -2.5 m. above the level of the water. 
The knoll is covered with a young growth of mixed hardwoods, 
with a few pines, and although the growth is rather open the 
ground is always shaded. The trees on the slope are Tilia ameri- 
cana, Carpinus caroliniana, and Fraxinus americana, with a few 
seedlings of Belula populifolia. The ground was but partly covered 
with a sparse growth of Maianthemum canadense^ Polygala paucifolia, 
a species of grass, and small patches of mosses, Polytrichum commune 
and Catherinea angustata. 'Fhe soil was firm and compact, consist¬ 
ing of leaf mold, clay, and sand to a depth of 8- 10 cm., with a subsoil 
consisting of clay, sand, and gravel. The prothallia were found 
at a depth of cm. 1'he smaller sporelings were attached 

to prothallia, and some prothallia without sporelings were found 
also. The prothallia were small and less symmetrical than the 
typical form, 'llie sporelings were slender and fragile in appearance, 
but apparently healthy. I'he nearest spore-bearing plants of L. 
complanatum were found 25 m. to the east, but these plants appeared 
to be too young (o have been the parent ])lants. 

Station 2, Island in Forge Pond, Granby.—^llus small island, 
which at its highest point is not more than 3 m. above the level of 
the i)ond, has a mixed growth of hardwoods, with a few old pines 
at the south end and a few young pines at the north end. Several 
thrifty patches of .sporelings of L, obscurum were found at the 
north end, on the north and northwest facing slopes, where there is a 
growth of BcMda populifolia, Acer rubrum, and Viburnum dcntalum. 
White 'pines were grooving near this zone, but no sporelings were 
found where there was any noticeable deposit of pine needles. The 
region is well shaded but rather oj)cn, so that few leaves remain on 
the ground. The herbaceous growth is rather sparse and consists 
of small patches of Polytrichum commune, a few plants of Maian- 
themum canadense and Polygonatum biflorum, and scattered tufts 
of a species of grass. The top soil consists of a layer of coarse 
sandy loam, 6 -lo cm. deep. There is a sharp transition to the 
underl3dng stratum of sand. Numerous prothallia, both with and 
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without sporelings, were found 2-5 cm. below the surface. Only- 
four prothallia of L. complanatum were found, all without sporelings, 
but these were larger and more symmetrical than those produced 
much more abundantly at Moody Comers. Only three fruiting 
spikes of L. ohscurum were found on the island, but there were 
small patches of vigorous growth at distances varying from 2 to 
6 m. from the sporelings. On the mainland, 200-250 m. from the 
island, there is a luxuriant growth of both L, ohscurum and L, 
complanatum, which fruit abundantly, and a scattering growth of 
L, clavatum which was not found in fruit. Several plants of L, 
clavatum were found on the island near the patches of sporelings, 
but none was found in fruit and there were no sporelings of this 
spedes. 

Station 3, Mt. Toby, Sunderland.—This station is on the west 
side of one of the smaller hills of the Mt. Toby group. The general 
aspect is distinctly different from that of the stations just described. 
There is almost no slope, no body of water, and the region has the 
appearance of being rather dry. The tree growth is of mixed hard¬ 
woods with a few young pines; there is little undergrowth. The soil 
is a rich sandy loam to a depth of 8-10 cm., with a sandy subsoil. 
There was a considerable deposit of dead leaves. Sporelings of 
i. ohscurum were abundant, occurring in small groups, apparently 
limited to small shallow depressions. The prothallia were 2-6 cm. 
below the surface, averaging a somewhat greater depth than in the 
other stations. Owing to the presence of the layers of leaves, the 
stems of the sporelings, in addition to being unusually long, were 
unusually crooked. Some of the prothallia were exceptionally 
large, and attained a greater size than has been recorded for any 
subterranean species, measuring as much as 18X10 mm. Mature 
plants of both L, ohscurum and L. complanatum were abundant in 
the woods but were at a considerable distance. 

Station 4, Smith Ferry Woods, South Hadley.—Sporelings and 
prothallia of three species were found in this woods, which in general 
has the aspect of the Mt. Toby station. There is a young growth 
of Quercus ruhra and Q, albaj an older growth of Betula populifolia, 
and the remains of old trees of Castanea dentata. There are a few 
young white pines. The sparse herbaceous growth in the vicinity 
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of the sporelings consisted of Mitchella repens and Polytrichum 
commune. The soil is a sandy loam to the depth of 6~io cm., with 
sand beneath. Comparatively few leaves collect in the depressions, 
to which the prothallia seem to be limited. The first sporelings 
found were those of L, ohscurum, three patches with three or four 
in a patch. These were in a broad depression near a ridge 1-2 m. 
high. The prothallia to which they were attached were growing i- 
3 cm. below the surface. The prothallia and sporelings of L, com- 
planatum were also found in depressions, shallower, however, and 
about 100 m. from those of L. obscurum. Fifteen sporelings were 
found, three of which were attached to prothallia. These prothallia 
were symmetrical in outline and relatively large, one measuring 
11X2.5 mm. They were 2.5-4 cm. below the surface. In the 
sporelings found in this region the characteristic habit of L. com- 
planatum was later in appearing than in those at Moody Corners, 
the flattening of the branch and the broadening of the leaf base 
not being evident until after the fourth or fifth branching, while in 
those at Moody Corners it usually began after the second or third 
branching. Two sporelings of L, clavatum with prothallia and two 
without were found about 10 m. from the patch of L. complanatum. 
These two prothallia were nearer the surface than any prothallia 
collected, and were barely covered by the loose leaf mold at the 
surface. Old plants of L, complanatum were fruiting abundantly 
25-50 m. west of the patch of prothallia. Fruiting plants of L, ob¬ 
scurum were in the same general region, but were somewhat less 
abundant. L. clavatum does not fruit freely in this part of Massa¬ 
chusetts, and while many vigorous old plants were found, none were 
seen which were bearing fruiting spikes. 

Station 5, Upper Lake Woods, South Hadley.—A patch of more 
than 50 sporelings of L, obscurum was found on the more or less 
level region 2-4 m. from the northeast side of the lake. The bank 
at this place is about 2.5 m. high. Many sporelings were attached 
to prothallia,^and several prothallia were found which had not 
produced sporelings. The prothallia which were distributed over 
an area of 2 x4 m. were found 1-3 cm. below the surface. The 
soil is a firm sandy loam to a depth of 7-10 cm., over a sand and 
gravel subsoil. The region is well shaded, chiefly by a large 
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Acer saccharuMy but it is rather open and few leaves remain on the 
ground. The other woody growth is Betula populifoliay Hamamelis 
virginianay and young Quercus rubra. The soil is partly covered 
with a species of grass and occasional small patches of Leucohryum 
glaucum and Dicranella heteromalla. A few spore-bearing plants 
of L. ohscurum were found about room, to the northwest, and 
another patch was found across the lake about 200 m. to the south. 

Station 6, Aldrich Mills, Granby.—^The place was investigated 
because it is one of the few places in this region where L. clavatum 
can be found fruiting freely. No sporelings of L. clavatum were 
found, but two sporelings of L. obscurum with gametophytes, and 
two colonies of sporelings which had lost their gametophytes were 
found. This station is distinctly different in aspect from those 
previously described, but is similar to two described by Degener. 
The sporelings were growing in a dense grove of young hemlocks on 
the north-facing slope 0.5-2.5 m. above a small floodplain on Bache¬ 
lor Brook. The soil, which was completely bare of other plants, 
was covered with hemlock needles, and consisted of a loose sandy 
loam with considerable organic matter. There were no old plants 
of L, obscurum within 40 m. 

Station 7, Dark Woods, Granby.—‘A few sporelings of L. 
obscurum were found in a well defined depression in a rather open 
grove of Acer rubrum and Betula populifolia on the edge of the Dark 
Woods. The herbaceous growth consisted of Pyrola rotundifolia, 
Cypripedium acaule, small patches of Polytrichum commune, and a 
species of grass. The depression was 0.4-1.om. below the sur¬ 
rounding level. About 15 m. away, on the opposite side of a slight 
ridge 0.6-1.0 m. high, there is a small but permanent pond. There 
were a few dead leaves on the ground, covering a thin layer of leaf 
mold; below this was sandy loam passing gradually into pure sand. 
There was less organic matter in the loam than was found in the 
other stations. There were only two sporelings with prothallia, 
and these were small; there were three sporelings whith had lost the 
prothallium but which still had the foot. The prothallia were 
0.7-1.5 cm. below the surface. Old plants of both L. obscurum and 
X. complanatum were fruiting about 3 m. away, and other patches 
were abundant throughout the adjacent parts of the woods. 
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Discussion 

The stations fall roughly into three types: (i) a grove of mixed 
hardwoods on a slope or near a slope above a body of water; (2) 
depressions in a grove of mixed hardwoods where the general 
aspect is that of a relatively dry woods; (3) a grove of hemlocks. 

Certain conditions were found to be similar in all three types of 
habitat. The top soil consists of sandy loam, usually with a large 
amount of humus, and it is fairly compact except under hemlocks. 
The presence of considerable humus is doubtless important, both in 
relation to the moisture content of the soil and to the development 
of the fungus with which the prothallium maintains a symbiotic 
relationship. The three species of prothallia are of the sub¬ 
terranean type, which contains an endophytic fungus. Fungal 
hyphae were usually found in great abundance in the soil in which 
prothallia were growing. In only one station was there any con¬ 
siderable deposit of dead leaves. It is possible that many layers of 
leaves would tend to prevent the spores from washing down into the 
soil to suitable depths. Where the spores are deposited in large 
quantity this might not make any difference, but where the spore 
deposit is light, as at a distance of 50-100 m. from spore-bearing 
plants, and in cases where the percentage of germination is only 
5 per cent, as Bruchmann (2) reported for L. clavatum and L, 
annolimm, the presence of many layers of leaves might be an 
important factor in the distribution of prothallia. 

In all the regions the variation in the level of the water table is 
moderate. This may be due to proximity of bodies of water, or to 
a favorable topography in relatively dry woods such as is afforded 
by depressions where evaporation is less than in the surrounding 
areas, and where drainage from the surrounding levels tends to 
maintain the water supply. In the hemlock groves the dense 
shade and the protection given from the wind, together with the 
high humus content of the soil, would make the maintenance of an 
adequate moisture content a fairly simple problem. One exj)lana- 
tion of the comparatively rare occurrence of prothallia and spore- 
lings may be that, owing to their very slow growth, there is always 
a high degree of probability that an exceptionally dry summer will 
lower the water table to such an extent that prothallia and spore- 
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lings in all stages of development will be killed. It seems not 
improbable that crops of sporelings would be more likely to appear 
after a period of lo to 12 years without a protracted drought. 

All the stations were in well shaded regions. The slopes were 
mostly north-facing. Spessard found in Michigan that prothallia 
and sporelings grew in the open. In western Massachusetts, how¬ 
ever, no sporelings were found in the open, and it is not usual to 
find old plants in sunny places. In this region there appears to 
be some agreement between the conditions which are favorable for 
the early stages of the white pine and for Lycopodium prothallia. 
The pines which were found in almost every station agree roughly 
in age with the Lycopodium sporelings, if we may assume that the 
prothallia and sporelings in this region develop at a rate similar to 
that which Bruchmann determined. The presence of white pines 
among second growth timber was found to be a good indicator. 
No sporelings were found in a pure stand of pine. 

In all the regions studied the soil is well drained, the subsoil 
consisting of sand or sand and gravel. This seems to be of con¬ 
siderable importance, as it was found that when sporelings and pro¬ 
thallia were brought into the laboratory and greenhouse, the spore¬ 
lings and old plants would live for many months in undrained dishes, 
but the prothallia would last only a few weeks under such conditions. 
Prothallia, however, will live in the laboratory indefinitely if kept in 
well drained sandy soil. They grew particularly well on the surface 
of sandy loam under a bell-jar. Under such conditions they 
develop chlorophyll. While old plants are frequently found in 
swampy places, the indications are that they do not start there. 

The prothallia and sporelings are restricted to places where there 
is little or no herbaceous growth. They are often found near small 
patches of Polytrichum, but they do not seem to be able to compete 
with old established patches. They usually grow at some distance 
from old plants of Lycopodium, as has been noted by Bruchmann (i) 
and Spessard (6), although Spessard reports finding a few spore¬ 
lings which were growing among old plants. In only two cases 
were prothallia and sporelings found within 3 m. of old plants; 
in most cases they were i5~5om. away, and in some cases 100- 
200 m. away. Nothing was found which suggested the growth of 
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sporelings in groups of four, as reported by Spessard, nor anything 
to indicate any other medium of spore dispersal than wind. In the 
case of station 5, which is within 5 m. of a much used path, it is pos¬ 
sible that fruiting spikes may have been carried there by persons, 
but in the cases of stations i and 2, where the sporelings are even 
more abundant, it seems highly improbable. It is easier, naturally, 
to find sporelings when they are in groups, but so many isolated 
sporelings and groups of two or three were found that no basis is 
seen for any generalization about grouping. 

Until we know something about the character of the endophytic 
fungus in relation to its occurrence in the soil, we are much restricted 
in our explanations of the conditions necessary for the development 
of Lycopodium prothallia. We do not know how many species 
there are, and whether they are of rare or frequent occurrence. 
If, as Spessard suggests, the various prothallia are associated 
with different species of fungi, we may have an explanation of the 
fact that in only one station, no. 2, were the prothallia of two 
species found closely associated. In stations 3, 5, and 7 the condi¬ 
tions apparently were equally favorable for the presence in the soil 
of spores of L. complanaium, and in station 6 much more favorable 
for L. clavatum than for L. obscurum. It may be that it is the 
absence of the fungus which makes the development of prothallia 
and sporelings a rare occurrence, but it seems equally probable that 
the rarity is due to the numerous contingencies of an exceptionally 
long infancy. 

It is hoped that this analysis of the stations found in western 
Massachusetts may give some indications of the conditions neces¬ 
sary for the development of prothallia and sporelings, and also some 
suggestions as to situations in which one may look for them with 
reasonable prospect of success. It should not be assumed, however, 
that the requirements for gennination and development will always 
be found under the same topographical conditions. In higher 
latitudes and in regions with fewer sunny days in summer, it is 
to be expected that sporelings will be found in places with less shade 
than those here described. While the moisture relations are 
imdoubtedly complex, Spessard’s concise directions to look for 
prothallia in conditions less extreme than those in which the 
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parent plants are growing, is in line with the observations in this 
region. 

In view of this successful search for prothallia and sporelings 
during the past year, it seems probable that they are not so rare 
as has been supposed. It is somewhat difficult to recognize the 
sporeling in the early stage, and they are apt to be found in what 
ordinarily would be considered poor collecting grounds. The 
chief difficulty seems to be in finding the first one. The first patch 
was found more or less by accident, although we had been looking 
for sporelings casually for the past ten years. After seeing the 
sporelings growing and noting the conditions which seemed to 
favor their development, it was comparatively easy to find other 
stations. It seems probable that in any place where Lycopodium 
fruits abundantly there is a fair chance of finding prothallia and 
sporelings if attention is given to selecting suitable places for 
investigation. 

Mount Holyoke College 
South Hadley, Mass. 
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FOUR NEW STATIONS OF LYCOPODIUM 
PROTHALLIA' 

Otto Decekes 

(with plates xi-xm and two figures) 

On March 29, 1922, while on a geological trip on East Rock 
Mountain, Great Barrington, Massachusetts, the writer noticed a 
few small lycopods growing in the shelter of a bowlder. Since these 
jilants did not appear to be like any of the common lycopods in the 
region, they wxrc removed and found to be sporelings, several of 
which still had the gametophytes attached. Unfortunately time 
did not ])ermit a thorough investigation. The slope of East Rock 
where the specimens were found had been stripped of timber several 
years previously, so that bramble thickets had had time to form 
among the stum])s and old laurel bushes. The soil from which the 
])lanls were taken was a medium sandy loam, thinly covered by a 
moss. 1'here was little moisture in the soil, although the slightly 
overhanging rock no doubt hindered the drying influence of the 
sun except during the morning. The area that was turned over to 
get the plants might easily be covered by the hand. There were 
seven specimens, four of the sporophytes being still llrmly connected 
with the gametophytes, and three showing only the disintegrating 
foot with which they had absorbed nourishment from the sexual 
plant. 

The gametophyte strikingly resembles a carrot in shape. It 
is roughly conical, not counting the small crown at the top where 
the sexual organs are located. It is dirty gray in color and exhibits 
a pubescence due to rhizoids. The smallest specimen unearthed 
had a pro thallium 2.5 x7 mm., while the sporophyte had just 
barely reached the surface of the soil 15 mm. above. The root, 
arising from the sporeling above its foot, had divided three times 

* In December 1922, after this paper had been written, tlie waiter found hundreds 
of prothallia and sporelings of L. ccrnuuni near the active crater of Kilauea, Hawaii. 
Since these plants grew under very unusual conditions, it is hoped to deal with them 
in a separate paper. 
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dichotomously, even though it was no longer than the prothallium 
itself. Another gametophyte, more nearly the size of the other two, 
measured 4 x10 mm. Its sporeling, which in this case had just 
produced two equal branches, was 30 mm. in length. There 
appeared to be a main root from which secondary roots had devel¬ 
oped, through a modified dichotomy. This gametophyte was 
buried approximately to the same depth as the one just described. 

The remaining sporelings lay at a depth of about 3 cm. One of 
these was creeping just below the surface. Its prostrate stem 
showed no sign of changing its horizontal course, in spite of the 
fact that three upright shoots, each about 2 cm. in length, had 
formed. Another sporeling, the gametophyte of which had decayed, 
showed no marked creeping tendency, but had produced five 
branches within a distance of 2 cm. above the foot. Yet another, 
having two small shoots near the foot, had developed a main stem 
5 cm. long. Higher up it was approaching the mature sporophyte 
in appearance, making the species determination certain. 

The leaves of this sporeling, for instance, are scalelike at the 
subterranean base. A little farther up the terete stem they become 
awl-shaped, sometimes over 4 mm. in length, and arranged in 
whorls of threes that are spaced at intervals of about 2 mm. After 
the stem has branched six or seven times, the leaves, which are now 
four-ranked, assume two shapes. The lateral are more flattened, 
while those at right angles to them resemble more closely small 
juvenile leaves. The stem now appears laterally compressed 
because of the two ranks of wide leaves which possess decurrent 
adnate bases. This fact, in addition to the shape of the gameto¬ 
phyte attached to the other sporelings, proves the specimens to be 
L, complanatum. Because of a question raised by Spessard* in 
regard to the position in which the prothallia are found, it is well 
to emphasize the fact that the Great Barrington specimens grew 
with the longer axis inclined between the horizontal and the vertical 
positions. 

On May 7, R. F. Martin, searching for Lycopodium prothallia 
at Orient Springs, near Amherst, Massachusetts, was rewarded by 
the discovery of three sporelings, one of which had an excellent 
gametophyte at the base. These plants were growing in a hemlock 

* Sfessaso, £. A., Prothallia of Lycopodium in America. Bor. Gaz. 63:71. 19x7, 
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grove in moderately dry soil on the side of a ravine. Since many 
mature sporophytes of L, clavaium were growing near that spot, 
he inferred that his specimens belonged to the same species. Profes¬ 
sor Stokey identified them, however, as L. obscurum, the gameto- 
phyte of which had been discovered in 1917 by Spessard. 

In an entirely different locality at Amherst on June 13, the 
writer noticed several more sporelings of a lycopod, with gameto- 
phytes. These were identified as L. obscurum var. dendroideuniy 
identical with those found by Martin. This last station is situated 
on a steep slope covered with large hemlocks that produce enough 



Fig. I. —Sporelings of L. obscurum in hemlock grove 


shade to keep the ground quite bare of plants. The soil is a moder¬ 
ately rich loam, underlaid at 6-S cm. by a well drained yellow soil of 
similar texture. The upper layers seemed rather compact and did 
not crumble when dug, owing to the presence of fungal threads. 
Another fact possibly worthy of mention is the presence of many 
hemlock rootlets, the tips of which were greatly swollen with* a 
mycorrhiza. A fungus which is probably a species of Tremello- 
dcndron grows well at that station. In fact, a large sporeling was 
found entirely surrounded by this fungus. Whether any of these 
have an endophytic connection with the lycopod is not known 
(fig. i). 
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During the few afternoons that were available, between two 
and three hundred specimens were collected, varying from pro- 
thallia of about 1.5 mm. in diameter to mature ones with sporelings 
10 cm. or more in length. Almost all of them were collected in a 
circular space less than three feet in diameter. More than two- 
thirds of the prothallia, according to measurements based on the 
sporelings, had developed at a depth of 2.5-7 cm. Many were 
growing at greater or lesser depths; only one, however, was noticed 





Fig. 2. —Pro thallium of L. obscurum showing slightly depressed upper surface 
(A), prothallium showing under surface with protuberance (i5), ])rothallium showing 
upper surface with revolute margin (C); X4.S- 

at 9 cm. and but a few at 1.5 cm. Because of the difficulty of dis¬ 
tinguishing prothallia from soil particles, these figures as to the 
extremes of position are not as reliable as might be desired. 

These plants have the saddle-shaped prothallium characteristic 
of such species as L. annotinum and L. clavatum. Their general 
contour is circular, but this shape is often modified by a later growth 
of unequal magnitude. The center is slightly depressed (fig. 2A), 
while in older specimens it may even be overlapped by the revolute 
margin upon which the sex organs are situated (fig. 2C). These 
develop intramarginally, the outer boundary of the prothallium 
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being well defined from the smoother sterile underside. In most of 
the specimens a protuberance is discernible in the center of the lower 
surface; it is no doubt the earliest part of the gametophyte formed 
(fig. 2B), As in the case of the specimens first described, rhizoids 
are visible to the unaided eye. The color, however, is of a more 
yellowish tinge. Fuller studies on this species, with special refer¬ 
ence to the stelar structure of the s{K)reling, are now in progress. 

In taking the greatest diameter of 140 prothallia from which no 
sporelings had developed (pi. XI), it was found that about sixty 
measured 4-5 mm. in the greatest diameter, half that number 
6-7 mm., while seven were 8 mm. and three were 9 mm. Only 
two were 1.5 mm. and eight were 2 mm. in diameter. The smallest 
gametophyte producing a sporeling was 4 mm. in diameter and the 
largest 10 mm. The most frequent size, however, ranged from 5 
to 8 mm. 

It may be well to describe how the material was procured, for 
this may explain why the smaller gametophytes seemed so rare in 
that locality. After carefully clearing away the covering of hem¬ 
lock needles and twigs from the soil, a sporeling with the soil sur¬ 
rounding it was removed. Then the earth was broken away from 
the stem of the sporophyte until the prothallium was laid bare. 
During this process, several other prothallia might come to view. 
After most of the sporelings had been gathered by this method, a 
handful of soil was taken from the general region and placed in a 
sieve to be washed. After all the earth had been removed, some¬ 
times as many as six gametophytes were to be found among the 
rootlets and other particles of fibrous matter remaining. That so 
few small specimens were found is due no doubt to the large mesh 
of the sieve employed. The number of gametophytes of all sizes still 
growing in that locality must mount up into the thousands. 

The sporelings of L. obscurum are upright in habit, and often 
produce one or two subterranean shoots which appear arrested in 
growth (pi. XII). The main stem commonly branches two or three 
times before reaching a height of 5 cm. As in the preceding species, 
the earliest leaves below the surface of the soil are scalelike, while 
the later ones are linear awl-shaped, and generally spaced farther 
apart on the stem than the mature type of leaf. 
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In both of these species the gametophyte is not restricted to 
growth in a definite position. As already noted, the conical game- 
tophytes of L, complanatum found in Great Barrington grew neither 
strictly upright nor strictly horizontal in the soil. Of the speci¬ 
mens of the same species found by Spessard, one was definitely 
known to have grown with the longer axis in a vertical position, while 
others grew with the longer axis horizontally directed. In men¬ 
tioning a later find,^ he definitely states that they do not all grow in 
the same position. Of the few saddle-shaped gametophytes of 
X. obscurum seen by the writer in situ at Amherst, several were 
growing in an inverted position. Of the sporelings that were 
gathered, four had developed from inverted prothallia 6-7 mm. 
in diameter (pi. XIII ^, C), while one had grown from a gametophyte 
4 mm. in diameter which was standing on its edge so that the 
flattened surfaces stood vertically (pi. XIIIB). It is probable that 
the surface with the reproductive organs is normally directed up¬ 
ward, but that when displaced by any chance, a sporeling can still 
develop, provided fertilization occurs. 

A dozen sporelings of X. clavatum were later discovered growing 
under an isolated hemlock, possibly 400 yards from the preceding 
station. But one specimen, 2 cm. in length, had a saddle-shaped 
gametophyte 4.5 mm, in diameter attached to it. This was buried 
at a depth of 5 mm. The others possessed a foot about i mm. 
in diameter through which the sporeling had been attached to the 
prothallium. In measuring the sporelings, it was evident that the 
prothallium in no case grew at a depth below 2 cm. 

This location is very similar to the one in which the X. obscurum 
material was discovered. The ground was not sloping, however, 
and was sparsely covered with moss and grass. The sporelings 
also were growing in close proximity to one another. In the field 
they were easily distinguished from the sporelings of X. obscurum 
by their prostrate habit and more fuzzy appearance, since the leaf 
is tipped by the bristle so characteristic of that species. The 
subterranean and later juvenile leaves from a macroscopical exami¬ 
nation did not differ essentially from the corresponding types 
described. 

i Spessard, E. A., Prothallia of Lycopodium in America. Box. Gaz. 
63:362. 1918. 
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The writer wishes to express his indebtedness to Dr. James B. 
Pollock, Exchange Professor from the University of Michigan, for 
invaluable suggestions and criticisms in the preparation of the 
manuscript. Thanks are due Dr. William H. Davis for aid in 
illustrating this paper. 

Summary 

1. The gametophytes of L. complanatum, L. obscurum var. 
dendroideunif and L, clavatum have been discovered in three different 
stations by the writer; the gametophyte of L, obscurum var. den- 
dr oideum has been discovered at another station by R. F. Martin. 
Several hundred prothallia of L. obscurum were discovered in a 
single station. 

2. The commonest depth of growth for the gametophyte of 
L. obscurum is 2.5-7 cm.; the commonest diameter of the gameto¬ 
phyte without sporeling is 4-5 mm., and the largest diameter is^ 
9 mm.; the commonest diameter with sporeling is 5-8 mm., the 
smallest is 4 mm., and the largest is 10 mm. 

3. The gametophyte of L. complanatum can grow and produce 
a sporeling whether lying with the reproductive surface in a vertical 
position or in a horizontal position facing upward in the soil. 
The gametophyte of L. obscurum can likewise grow and produce 
a sporeling whether lying with the reproductive surface in a vertical 
or in a horizontal position. If in the latter, it may be facing either 
upward or downward in the soil. 

Massachusetts Agricultural College 
Amherst, Mass. 

EXPLANATION OF PLATES XI-XIII 

PLATE XI 

L, obscurum: four rows on left show lower surface of prothallia; the rest 
show upper surface; X about 2.5. 

PLATE XU 

L, obscurum: four largest sporelings, from which prothallium has decayed, 
show foot (F); other sporelings are still attached to prothallium; slightly 
enlarged. 

PLATE XIIl 

L. obscurum: A, sporeling developed from inverted prothallium that has 
decayed; B, sporeling developed from prothallium with reproductive surface 
standing vertically; C, sporeling developed from inverted prothallium; five 
prothallia with revolute margins; X about 2.5. 



QUANTITATIVE ESTIMATION OF CHLORIDES 
AND SULPHATES IN EXPRESSED 
PLANT TISSUE FLUIDS* 

Ross Aiken Gortner and Walter F. Hoffman 

In a comprehensive study of the chemical and physico-chemical 
properties of plant saps as related to their environment, the question 
often arises as to the relative importance of the organic and inorganic 
constituents of the sap. This is particularly true when plants 
growing on alkali soils are under investigation. Harris, Gortner, 
Hoffman, and Valentine,* in studies carried out in the Tooele 
Valley of Utah during the summer of 1920, observed that the leaf 
tissue fluids of perennials of that region increased in osmotic 
concentration with the progress of the season, indicating a response 
on the part of the plant to progressive desiccation of the soil. 
They observed, however, that all of the physico-chemical properties 
of the saps did not change in the same ratios, and that some plants 
apparently increased their osmotic concentration by a marked 
accumulation of the inorganic constituents in the sap, while others 
appeared to hold the inorganic constituents practically constant 
and to hold in their leaves soluble carbohydrates. The former 
beha\dor is that of typical haiophytes, while the latter is more or 
less characteristic of those plants which grow in soils having a low 
salt content. 

The accumulation of solutes in a sap may reach exceedingly 
high osmotic concentrations. Harris, Gortner, Hoffman, and 
Valentine^ report values equivalent to 153 atmospheres in A triplex 
conferlifolia^ and 169 atmospheres in A. NuUallii^ both typical 
halophytes. Inasmuch as many alkali soils contain chlorides and 

* Published with the approval of the Director as Paper no. 370, Journal Series, 
Minnesota Agricultural Experiment Station. 

* Unpublished. 

s Harris, J. A., Gortner, R. A., Hoffman, W. F., and Valentine, A. T., Maxi¬ 
mum values of osmotic concentration in plant tissue fluids. Proc. Soc. Exp, Biol. 
Med. i8:io6“I09, 1921. 
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sulphates, it would appear desirable to estimate both of these 
ions in a study of the inorganic constituents of sap from plants grow¬ 
ing upon such soils. It may be that halophytes differ among them¬ 
selves in their ability to take up these ions, just as halophytes and 
non-halophytes differ in their accumulation of inorganic salts in 
general. 

Methods which have been suggested for the determination of 
chlorides and sulphates in plant materials do not well adapt them¬ 
selves to a study of a large number of plant saps. The ideal 
method must meet the following conditions: (i) it must possess a 
liigh degree of accuracy; (2) it must require a minimum of material; 
(3) it must be rapid; and (4) it should not require complicated 
apparatus or exceptional skill on the part of the analyst. If 
possible it should be adapted to field laboratory conditions. During 
the past decade the biological chemists have made remarkable 
improvements in the methods for blood and urine analyses, all of* 
which have been directed toward the simplification of procedure, 
use of small samples, and extreme accuracy. We believe, therefore, 
that some of these methods might advantageously be applied to 
plant saps, and the following methods have been found to fulfil 
all of the requirements. 

Experimentation 

Determination of chlorides. —I'he methods for the determi¬ 
nation of chlorides in biological fluids are numerous. They fall 
roughly into two classes: (i) the destruction of the organic matter 
by an oxidizing agent such as nitric acid, or by charring and leaching 
of the chloride followed by complete ashing and then determining 
the chloride in the ash; and (2) the precipitation of the protein 
and the determination of the chloride in the filtrate. 

Those falling in the first class are very time consuming, and in 
the case of oxidizing with nitric acid it is necessary to add an excess 
of silver nitrate before oxidizing to prevent a loss of chlorine. 
This is inconvenient, especially in the case of plant saps where the 
chloride content is not even approximately known, for in many 
cases it is necessary to ‘‘back titrate’’ a large excess of silver 
nitrate. In the case of ashing in a muffle, extreme precautions 
must be taken to prevent loss of chlorides. 
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The determinations depending upon the precipitation of the 
proteins are much simpler and less time consuming. There are 
many methods for precipitating the proteins, but the method used 
by Wetmore^ for the determination of chlorides in blood appeared 
to be the most applicable to plant sap. In this method the proteins 
are precipitated by copper hydroxide, as described by Harding and 
Mason, 5 and the chlorine determined by the procedure used by 
Rappleye.^ This method, with slight modifications, was used for 
determining chlorides in plant sap. I'he procedure adopted is as 
follows: lo cc. of plant sap is placed in a 50 cc. volumetric flask, 
5 cc. of 8 per cent copper sulphate, 3 cc. of a normal solution of 
sodium hydroxide, and enough water to make a total volume 
(in the flask) of about 35 cc. are added. The proteins are coagulated 
by heating the flask in a boiling water bath for one minute. The 
flask is shaken to insure complete precipitation of the protein. 
The flask and contents are cooled in running water, made to volume, 
and thoroughly mixed. The precipitate is separated by centrifug¬ 
ing, and the clear liquid is then decanted into a dry centrifuge tube 
containing i gm. of dry calcium hydroxide, thoroughly mixed, 
and again centrifuged. The treatment with calcium hydroxide 
serves to remove any coloring matter or excess of copper hydroxide. 
The chlorine is then determined by pipetting 10-20 cc. of the clear 
supernatant liquid into a porcelain casserole, adding 5 cc. of con¬ 
centrated nitric acid, an excess of standard silver nitrate, and stirring 
until the silver chloride separates. Two cc. of ferric alum solution 
is then added, and the excess of silver nitrate titrated with standard 
potassium thiocyanate solution. The first reddish tinge is the end 
point. 

To calculate the amount of chlorine, subtract one-half of the 
volume of potassium thiocyanate used from the number of cubic 
centimeters of silver nitrate added, and multiply this by the aliquot 
used for the titration. The number of cubic centimeters of silver 

^WetMore, a. S., Determination of chlorides in blood. Jour. Biol. Chera. 
45:113-118. 1920. 

s Harding, V. J., and Mason, E. H., The estimation of chlorides in body fluids. 
Jour. Biol. Chem. 31:55-58. 

^ Rappleye, W. C., a simple application of the Volhard principle for blood plasma 
chlorides. Jour. Biol. Chem. 35:509-512. 1918. 
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nitrate used multiplied by 0.004 gives grams of chlorine in a 10 cc. 
sample of sap. The reagents required arc: (i) 8 per cent copper 
sulphate solution; (2) a normal solution of sodium hydroxide; 
(3) calcium hydroxide powder; (4) concentrated nitric acid; (5) 
a 10 per cent solution of ferric alum; (6) standard silver nitrate, 
made by dissolving approximately 20 gm. of silver nitrate in one 
liter of water and diluting until i cc. is equivalent to i cc. of potas¬ 
sium chloride containing 0.004 gm* chlorine per cc.: (7) potassium 
thiocyanate solution, made by dissolving approximately 5.5 gm. 
potassium thiocyanate in one liter of water and diluting until 2 cc. 
are equivalent to icc. of silver nitrate solution. 

It is necessary to determine the amount of chlorine obtained on 
a “blank,’’ using only the reagents. If this is significant, it must 
be subtracted from the total chloride content. Most of the “ana¬ 
lytical” reagents on the market arc sufficiently pure to use without 
making this correction. By this method good checks were obtained 
on duplicate determinations of chlorine in the centrifuged sap of 
squash leaves. Sodium chloride was quantitatively recovered 
after its addition to the sap, as shown in table I. 


TABLE I 

Grams of chlorine recovered from 10 cc. squash sap to which varying 

AMOUNTS OF SODIU.M CHLORn>E HAD BEEN ADDED 


Chlorine added 

Chlorine 

recovered 

Theoretical 
chlorine present 

Difference 

Chlorine 
recovered 
per liter 

Theoretical 
chlorine per liter 
of sap 

None. 

0.0064 



0.64 


O.OOSQ. 

0.0123 

O.OI23 

0.0000 

1.23 

1.23 

O.OII8. 

0,0187 

0,0182 

H-0.0005 

1.87 

1.82 

0.0235. 

0.0291 

0.0299 

—0.0008 

2.91 

2.99 

0.0471. 

0.0538 

0.0535 

-1-0.0003 

5.38 

5.35 

0.0706. 

0.0761 

0.0770 

—0.0009 

7.61 

7.70 

0.0942. 

0.1010 

0.1006 

-f-0.0004 

10. 10 

10.06 

0,1177 . 

0.1228 

0,1241 

-0.0013 

12.28 

12.41 

02943. 

0.3019 

0.3007 

+0.0012 

30.19 

30.07 

0 - 3 S 36 . 

0.3591 

0.3600 

—0.0009 

35.91 

36.00 


We recently had occasion to determine the amount of chlorine 
present in a sample of sap obtained from the leaves of A triplex 
Nuttallii, Using this method we found 84.23 gm. of chlorine per 
liter. A sample of the sap was then dried and carefully ignited 
in platinum in a muffle, at a temperature not exceeding 500° C. 
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A light gray ash, free from carbon, was obtained. A chlorine 
determination on this ash indicated 83.52 gm. of chlorine per liter 
of sap, or 99.15 per cent of the chlorine indicated by the proposed 
method. This is regarded as proof that all of the chlorine is 
accounted for in the proposed method, for the actual figures obtained 
(2.5 cc. of sap were used in the actual titration) were 0.2105 gm. 
chlorine by the proposed method and 0.2088 gm. chlorine in the 
ash. The difference between these values is well within the experi¬ 
mental error. 

This method is simple and takes but a short time to complete. 
With sufficient apparatus, a large number of determinations can 
be made in a day. The method is admirably adapted for carrying 
out the chloride determinations in a field laboratory. If it is 
impractical to do this, the samples may be preserved by pipetting 
portions of the sap into heavy walled tubes, adding a drop of 
formaldehyde, and sealing off the tubes with a flame.’ Samples 
prepared in this manner may be preserved indefinitely. A satis¬ 
factory method of opening such sealed tubes is to heat the tube by 
looping around it near the top a piece of high resistance (Nichrom 
no. 30) wire, which is then heated red hot by an electric current 
controlled by a rheostat. After the tube becomes hot, the wire is 
removed and a drop of water placed on the heated circle on the 
glass, which produces a crack in the tube so that the top can easily 
be removed. The contents qf the tube is then poured out and the 
tube washed until all of the contents are removed. 

Determination of sulphates. —The methods employed for 
the determination of sulphates, including unoxidized sulphur, are 
all based on the destruction of the organic matter and precipitation 
of the sulphate as barium sulphate. They depend upon the 
destruction of the organic matter by oxidation, using sodium 
peioxide, nitric acid, or some similar oxidizing agent. These 
methods are either disagreeable or very time consuming. 

For the determination of the sulphate in plant sap, it was thought 
that the Benedict-Denis method* as used by the biological chemists 

’ This method of preserving samples of sap is not original with us; Dr. J. Arthur 
Harris has employed it for several years. 

* Benedict, S. R., The estimation of total sulphur in urine. Jour. Biol. Chem. 
6:363-371. 1909. Denis, W., The determination of total sulphur in urine. Jour. 
Biol, Chem. 8:401-403. 1910. 
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for determining sulphur in urine might satisfactorily be used. 
The method is simple, rapid, and does not require elaborate appa¬ 
ratus or special technique. The procedure as we have used it is 
as follows: 5-10 cc, of centrifuged or filtered sap is placed in an 
1 1.5 cm. porcelain evaporating dish. Ten cc. of the Benedict- 
Denis reagent,’ which is ample for 10 cc. of sap, is added to the 
contents of the evaporating dish. This mixture is then evaporated 
to approximate dryness on a water bath,*® and then carefully 
ignited, at first over a small flame and finally to dull redness for a 
few minutes, thus destroying the last traces of organic matter. 
After the dish cools, the ignition residue is dissolved with the aid of 
heat in dilute hydrochoric acid. The sulphate is then precipitated 
and weighed as barium sulphate. It is necessary to make a ‘‘blank’’ 
determination of the reagent and to subtract this from the total 
weight of barium sulphate. By using high grade chemicals a blank 
of 2.8-3.5 mg. of BaS04 10 cc. of the reagents is obtained. 
It is desirable not to have a blank of more than 4.0 mg. for 10 cc. 
of the reagent, especially when the determinations are to be made 
on a small amount of sap containing but little sulphate. 

For the most satisfactory results the amount of barium sulphate 
obtained should be about 0.2 gm., but good results have been 
obtained when the amount was as low as 0.025 high as 

i.o gm. These values cover a range of approximately i gm, to 
40 gm. SO4 per liter of sap. When the amount of sulphate is above 
15-20 gm. per liter, 2-5 cc. of the sap would be sufiicient for a very 
accurate determination. The difference between duplicate deter¬ 
minations is very small, usually not over i or 2 mg. BaS04, which is 
less than o.i gm. of sulphate per liter. 

To test the accuracy of this method, a series of determinations 
was made on centrifuged cabbage sap. The sulphate was deter¬ 
mined in 10 cc. of sap, and 10 cc. of sap plus varying amounts of 
potassium sulphate. The results of these determinations, given in 
table II, show that the method is accurate for plant sap. The 
rather large values for sulphate in the original cabbage sap probably 

9 This reagent is made by dissolving 25 gm. of crystalline copper nitrate, 25 gm. 
of sodium chloride, and 10 gm. of ammonium nitrate in enough water to make 100 cc. 
of solution. 

»If the dishes are removed from the water bath before completely dry and the 
ignition carried out within a short time, very little if any spattering occurs. 
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are not due to inorganic sulphates, but rather to organic sulphur 
compounds such as mustard oils and sulphur containing proteins. 
It is well known that volatile oils of the Cruciferae contain organic 
sulphur. Such sulphur would be oxidized to sulphate by this 
procedure, and it would be impossible to distinguish between organic 
and inorganic sulphur by the proposed method. We believe, 
however, that the amount of organic sulphur will always be low 
in plant saps (with the possible exception of those plants having 


TABLE II 

Grams of sulphate recovered from iocc. cabbage sap to which varying 

AMOUNTS OF SULPHATE HAD BEEN ADDED 


SO4 added 

SO4 recovered 
per 10 cc. 

Theoretical 
per 10 cc. 

Difference 

SO4 recovered 
per liter 

Theoretical 
per liter 

None. 

' 

0.0336 



3-36 






None. 

0.0333 



3-33 






0,02. 

0.0542 

0.0535 

+0.0007 

542 

5-35 

0.05. 

0.0835 

0.0835 

0.0000 

8.3s 

8.35 

0,10. 

0.1340 

0.1335 

+0.0005 

13.40 

13-35 

015. 

0.1833 

0.1835 

— 0.0002 

18.33 

18 -35 

0.20. 

0.2350 

0.2335 

+0.0015 

23.50 

23-35 

0.30. 

0.3332 

0.3335 

—0.0002 

33-32 

33-35 


sulphur compounds in their volatile oils), and need not seriously 
affect studies of the inorganic sulphate content of the saps. Even if 
organic sulphur is present in the volatile oils, the apparent sulphate 
content due to such sulphifr will probably never exceed 5 gm. 
per liter of sap. 

Summary 

Methods have been described for the rapid and accurate deter^ 
minations of chlorine and sulphates in plant saps. These methods 
are essentially as described by Wetmore for chlorides in blood and 
by Benedict for sulphur in urine. The manipulations are simple, 
and neither elaborate apparatus nor exceptional skill is required. 


University Farm 
St. Paul, Minn. 

























RELATION OF KIND OF FOOD RESERVES TO 
REGENERATION IN TOMATO PLANTS 

Mary Elizabeth Reid 
(with two figures) 

A series of experiments is being carried on with tomato cuttings, 
to determine the relation between the character of the reserve foods 
which they contain and the quantity and quality of the growth 
response when grown under different environmental conditions, such 
as variations in nutrient solutions and exposure to light. Plants 
of two different types have been produced, according to the method 
suggested by Kraus and Kraybill^ in their work on vegetation 
and reproduction in the tomato. One type of plant, high in carbo-. 
hydrates and low in nitrates, was obtained by first growing the plants 
to a height of 7-8 inches, and then transferring them to a nitrogen- 
free sand medium to which a nutrient solution lacking nitrogen 
was applied. The other type, low in reserve carbohydrates such as 
' sugars and starches and high in nitrates, was obtained by growing 
the plants continuously in a soil rich in nitrogenous content. Exact 
quantitative dcteiminations of the food reserves in the two types of 
plants used in these experiments have not been made up to the 
present time. Microchemical tests, howTver, indicate practically 
the same distribution of substances as Kraus and Kraybill found 
in the plants with which they worked. Since they found a gradient 
in carbohydrate content of tomato plants increasing from the apex 
to the base, and a gradient in nitrate content increasing from the 
base to the apex, it was thought desirable to cut the longer defoliated 
stems into three portions, base, middle, and apex, thus by the use of 
these segments obtaining more closely limited relations between the 
nitrogenous and carbohydrate content of the stem. 

Each cutting was weighed and placed in a 250 cc. test tube one 
inch in diameter. Two nutrient solutions (modifications of Knopfs 

* Kraus, E. J., and Kraybill, H. R., Vegetation and reproduction with special 
reference to the tomato. Oregon Agric. Coll. Exp, Sta. Bull. 149. 1918. 
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solution) were used, one containing nitrate nitrogen and the other 
without nitrogen in any form. The two solutions contained approxi¬ 
mately equal amounts of potassium, sulphur, magnesium, phos¬ 
phorus, calcium, and chlorine. Nitrogen was present as an addi¬ 
tional element in one of the solutions. These solutions were diluted 
with distilled water to such an extent that the total concentration 
of salts was 0.25 per cent in the solution containing nitrogen and 
0.19 per cent in the solution without nitrogen. The solution for 
each cutting was replaced every four days. The original plan was 
to allow the cuttings to remain in the nutrient solution until the 
food reserves were exhausted. It was found that, in tests in which 
cuttings high in carbohydrates were used, from four to five weeks 
was the average time necessary for the fullest utilization of the food 
reserves present in the cuttings. In the case of the nitrogen-high 
cuttings it was found that the growing period was never longer than 
from one to two weeks for cuttings kept in darkness. If the cuttings 
were kept at ordinary room temperature longer than the growing 
period, decay set in. Since the time for the utilization of the food 
reserves, as evidenced by growth, was quite different for cuttings 
from the two types of plants, it seemed advisable to allow those from 
carbohydrate-high and those from nitrogen-high groups time for the 
fullest utilization of such reserves. 

Two sets of experiments were conducted, one in the light and 
the other in darkness. These were repeated three different times, 
always with the same general results. The quantity and character 
of growth of the cuttings from the two types of plants were very 
different under the same external conditions of light, temperature, 
and nutrient solution. To illustrate the differences in growth 
obtained with cuttings of different composition, the growth responses 
of the basal cuttings under different conditions will be described 
somewhat in detail. 

Experiments 

Basal cuttings grown in light and in solutions contain¬ 
ing NITRATES.— Behavior of cuttings from carbohydrate-high plants 
(fig. ii 4 ).—^These cuttings produced both roots and shoots very 
abundantly. Nearly all the buds which were present when the 
cuttings were made developed into shoots. Even below the level 
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of the nutrient solution, and in the region of greatest root develop¬ 
ment, there was considerable growth of the buds. The leaves were 



Fig. I. —Basal cuttings grown with nitrates in nutrient solution; A, carbohydrate- 
high cuttings grown in light; nitrogen-high cuttings grown in light; C, carbohydrate- 
high cuttings grown in darkness; I>, nitrogen-high cuttings grown in darkness. 


large. The roots were very numerous, but were often without 
secondary rootlets. Each cutting became conspicuously greener 
during the time it was in the nutrient solution. 



io6 BOTANICAL GAZETTE [march 

Behavior of cuttings from nitrogen-high and carbohydrate-low 
plants (fig. iB), —In most cases these cuttings produced no roots 
whatever, but in case the roots did develop, they did not attain a 
length of more than three-fourlhs of an inch and had a dense 
growth of root hairs. In one lot of cuttings shoots developed at 
most of the nodes, but such shoots remained small and the leaves 
on them were abortive. In this particular lot of material the 
carbohydrate reserves were unusually low. In the other two lots, 
in which microchemical tests indicated a somewhat greater carbo¬ 
hydrate reserve, the shoots grew longer, and developed full sized 
leaves, which were very soft in texture and of a uniform green 
color. 

Basal cuttings grown in darkness and in solutions con¬ 
taining NITRATES. —Behavior of cuttings from carbohydrate-high 
plants (fig. iC).—^The general growth responses were very like those 
described for similar cuttings grown in the light, except that in the 
dark there was produced scarcely half the total quantity of both 
shoots and roots produced in the light. There was also a marked 
difference in the distribution of shoots which grew on these cuttings 
as compared with that of the corresponding lot grown in the light. 
In the light all the buds present developed into shoots, whereas in 
the dark in most cases the topmost bud only developed. The shoots 
produced in darkness were markedly etiolated. In some cases the 
individual shoots attained d length of fifteen inches, whereas six 
inches was the maximum length attained by shoots grown in the 
light. The roots developed to about the same length under the 
two sets of conditions. Preliminary microchemical tests (made 
only in the last experiment) indicated the presence of a very small 
amount of nitrate in the basal portions of some of the young shoots 
developed in darkness, but no nitrates were found at their apices. 
In most cases no nitrates could be detected in the old cuttings at 
the end of the experiment, but some starch was still present. The 
amount of starch was roughly estimated as about two-thirds the 
quantity originally present. 

Behavior of cuttings from nitrogen-high and carbohydrate-low 
plants (fig. iD). —There was no growth of either shoots or roots 
from such cuttings. The cuttings were very susceptible to bacterial 
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decay. Small portions of the petiole that remained attached to 
the cuttings showed softening and decomposition within a very 
few days. 

Basal cuttings grown in light and in solutions without 
NITRATES. —Behavior of cuttings from carbohydrate-high plants,— 
2A,) No shoots were produced by such cuttings, but there was 
in most cases an abundant root growth. • Microchemical tests of the 
old cuttings made at the end of the growth period showed a great 
abundance of starch still present. Although no nitrates could be 
detected in these cuttings, when originally placed in the nitrate- 
free nutrient solution, yet after root growth had proceeded for some 
time, nitrates could be detected. Nitrates were found to be present 
in greater abundance at the bases (in the region of root growth) 
than at the apices of the cuttings. 

Behavior of cuttings from nitrogen-high and carbohydrate-low 
plants (fig. 2B), —In one experiment some of the cuttings produced 
a few short, very coarse, and somewhat branched roots, while in 
another lot of cuttings, in which the carbohydrate reserves were 
lower, no roots were produced. In an experiment with the cuttings 
containing the least amount of carbohydrates all the buds grew 
to some extent, but their development was slight and in no case did 
the leaves fully expand. On the other hand, the cuttings contain¬ 
ing more carbohydrates produced a greater growth of shoots, with 
fully developed leaves of a uniform green. The roots developed 
after the growth of shoots was well started. This growth of roots 
may have been possible because carbohydrates were synthesized 
by the leaves. 

Basal cuttings grown in darkness and in solutions with¬ 
out NITRATES. —Behavior of cuttings from carbohydrate-high plants 
(fig. 2C).—^The t3rpe of growth of such cuttings was practically the 
same as that in the corresponding lot grown in the light. The 
cuttings produced numerous roots but no shoots. Only about half 
the quantity of roots was produced in darkness as in the light. 
Microchemical tests showed large quantities of starch still present 
in the cuttings when these were removed at the end of the experi¬ 
ment. It was roughly estimated that about three-fourths of the 
starch originally present was still in the cuttings. Nitrates were 
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found to be present, as in the case of similar cuttings grown in the 
light and in like nutrient solutions. 


/ 



Fig. 2. —Basal cuttings grown without nitrates in nutrient solution: A^ carbo¬ 
hydrate-high cuttings grown in light; B, nitrogen-high cuttings grown in light; C 
carbohydrate-high cuttings grown in darkness; Z), nitrogen-high cuttings grown in 
darkness. 

Behavior of cuttings from nitrogen-high and carhohydrate-low 
plants (lig. 2D ).—In one lot of material, in which there was a small 
amount of reserve carbohydrates in the cuttings, there was a very 
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small amount of shoot growth but no root growth. In another 
lot of cuttings, in which the carbohydrate reserve was still lower, 
there was no production of eithei shoots or roots. 

Basal, middle, and top cuttings. —In the case of carbo¬ 
hydrate-high cuttings grown in the light without nitrates, in the 
nutrient solution the middle and top portions produced some shoot 
growth, whereas no growth of shoots occurred from the basal por¬ 
tions. In most experiments in which such cuttings were grown 
with nitrates in the nutrient solution, the total growth of roots 
and shoots was greater from the basal than from the middle por¬ 
tions, and greater from the middle than from the top portions. It 
should be stated in this connection that the basal cuttings had a 
greater average weight than the middle cuttings, and the middle 
cuttings a greater average weight than the to]) cuttings. 

The vegetative cuttings, both in the solution containing nitrates 
and in the one without it, show'ed slight variations in the relative 
amounts of shoot and root growth by the different segments. In the 
cases where the relative differences between carbohydrate and nitro¬ 
gen reserves in the different levels of the stem may be very slight, 
further exi)erimentation will be carried on to determine more 
definitely the relationshij)s of root and shoot growdh. 

In the case of carbohydrate-high cuttings grown in the solution 
containing nitrates, it was generally observed that when equal 
weights of cuttings from the three regions of the stems were com¬ 
pared, the greatest amount of shoot growth was made by the 
apical cuttings, whereas the basal portions produced the least shoot 
growth. In the case of root growth it was the basal portions w^hich 
produced the greatest amount, both in number and w^eight of roots. 
The middle portions produced roots second in number and weight, 
and the top portions the least amount. 

The roots which appeared on the middle and top cuttings in most 
cases were confined to a limited region around the lowest node. The 
roots from the middle portions were longer and more branched than 
those produced by the top or basal portions. In most cases the 
roots from cuttings grown in the nutrient solution without nitrogen 
remained in a healthy condition for a longer time than those grown 
in the solution containing nitrates. The latter frequently showed 
a brownish discoloration. 
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In the carbohydrate-high cuttings grown in the nutrient solution 
without nitrogen, the leaves were small, pale green, and relatively 
stiff in texture. In this case the nitrogen supply was limited, both 
within and without the plant. When there was a great abundance 
of nitrogen both in the plant and in the solution, but with a low 
carbohydrate reserve in the cuttings, the leaves were soft in texture. 

Summary 

1. It was very noticeable that in cuttings high in nitrogen, 
grown in the light in a nutrient solution lacking nitrates, considerable 
shoot growth resulted, and that in some cases more growth resulted 
than if nitrates were present in the solution. 

2. The presence of nitrates in the nutrient solution in the case 
of nitrogen-high cuttings appeared to be unfavorable for root 
growth. If the carbohydrate reserves are exceedingly limited, the 
nutrient solution containing nitrates may also be unfavorable for 
shoot growth. In striking contrast with this condition, the same 
sort of solution favored development of shoots from cuttings high 
in carbohydrates. In this case root growth was also favored, 
although to a less extent. 

3. In general, it seems that when the carbohydrate reserve is 
high and the nitrogen supply within the plant or in the nutrient 
solution is low, there may be a vigorous root growth. When the 
relative percentage of nitrogen either within or without is slightly 
higher, there may also be a vigorous shoot growth. 

These investigations were carried on in the department of 
plant physiology at the University of Wisconsin, and helpful direc¬ 
tions and criticisms were given by those in charge. 

Boyce Thompson Institute for Plant Research 
Yonkers, N.Y. 



AN UNUSUAJ. GROWTH OF MOLD* 

Fkeda M. Bachmann 

(with three figures) 

A few years ago (1917) a very unusual growth of mold was 
found, which had formed in a bottle of grapejuice. The grapejuice 
had been boiled. The bottle was filled to the top of the neck with 
the hot liquid and immediately covered with thin cloth and sealed 
with sealing wax. It was stored in a cellar in which the temperature 
varied from about 6o°F. in summer to nearly freezing in winter. 
The age of the culture is uncertain, but the grapejuice was bottled 
before the year 1900, so that when it was found, it was at least 
seventeen years old. The 8 ounce bottle was 9 inches high, 3. 
inches wide, and 1.25 inches thick. The cylindrical neck measured 
3 inches in length and somewhat less than i inch in ‘diameter. 
When I first saw it, the liquid and the mold filled the bottle to 
within an inch of the top (fig. i). 

Through handling, the growth became loosened from one side 
of the neck. Although the seal seemed perfect, a small amount of 
air must have entered, enough to support a slow vegetative growth 
of the mold. The sealing wax was very brittle, and it may be that 
with different changes in temperature it had a greater viscosity at 
times and at others more brittleness, resulting in some slight cracks. 

Since the growth of the mold took place only at the surface of 
the liquid, the resulting mass of hyphae was shaped by the neck of 
the bottle into a firm cylindrical mass and forced downward. As 
this gradually lengthened, it must have become longer than the 
bottle, and, because of the narrowness of the bottle, the mold 
growth formed a number of folds like a letter S, The absence of any 
growth of the hyphae from the surface of the mass submerged in 
the liquid is a striking example of the dependence for growth of 
molds upon the presence of atmospheric oxygen. 

^Published by permisdon of Director of Wisconsin Agricultural Experiment 
Station. 
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There was no evident change in the appearance of the growth 
from 1917 until about a year ago, when I decided to open the bottle 
and test the hyphae for viability. The seal was broken with aseptic 
. precautions and replaced by a 

sterile cotton plug. Microscopic 
I examination of the mycelium 

showed it to be septate. Some of 
the cells were without content, ap- 
J.; M' parently dead cells, in others the 

scanty protoplasm filled only part 
of the cell, while in still others the 
microscopic picture was that of 
slightly plasmolyzed or even nor¬ 
mal cells. The ends of some of 
the hyphae were much enlarged. 
Fig. 2 shows parts of a number of 
hyphae as they were when the 
bottle was first opened. 

A transfer of some of the sur¬ 
face hyphae was made to sterile 
potato agar. A gray-green growth 
resulted in a few days. The mold 
sporulated readily on this medium. 

^ Fig. 3 represents the conidiophores. 
The mold appears to be a species 
of Aspergillus, Since the seal was 
broken the mold has grown con¬ 
siderably, but it is no longer in the 
neck of the bottle. The liquid has 
evaporated, so that it is about two- 

_ _thirds of an inch below the neck. 

Pjq I The mold growth is spread out on 

the surface and is a much softer, 
looser growth. Spores have been formed in abundance. 

Since it is not known how long a time was required to produce 
such a growth of mold, it seemed of interest to attempt to reproduce 
it. In March 1922, three bottles of a liquid consisting of grapejuice 
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diluted with a 3 per cent dextrose solution were heated in the steamer 
for 30 minutes. As soon as the liquid was cool enough it was inocu¬ 
lated with mold spores. One bottle was inoculated with a species of 




Penicillium, and the other two with the Aspergillus isolated from 
the growth already described. The necks of the bottles used were 
not long, so that the mold growth was not a compact, perfectly 
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cylindrical mass, but it was shaped somewhat by the neck of the 
bottle. The Aspergillus produced growths i inch long, and 
Penkillium a growth nearly 3 inches long. The growth of the 
mold in the bottle shown in fig. i measures at least 14 inches in 
length. It did not seem to change after it was found in 1917, so 
that probably nearly all of this growth was before that time. 
The rate of growth must be influenced by the amount of oxygen 
present, and since it is not possible to compare the porosity of the 
seal of the original with that of the bottles prepared last March, no 
conclusions can be drawn as to the age of the culture. 

If the seal had been very imperfect, there would have been con¬ 
siderable loss in the liquid, due to evaporation. From the compact¬ 
ness of the mass before the seal was broken, and the evidence 
showing the seal to have permitted very little passage of air, it 
appears that the growth must be the result of many years at least. 

Agbicultuiiai. College 
Madison, Wis. 



BRIEFER ARTICLES 

EDWARD W. D. HOLWAY 

(with portrait) 

Edward Willet Borland Holway died in Phoenix, Arizona, 
March 31, 1923, at the age of seventy years. He was born in Adrian, 
Michigan, in 1853, and when about one year old his parents moved to 
what were then the frontier settlements of northeastern Iowa. His 
boyhood years were spent on a farm near the village of Hesper. As a 
youth he was preparing himself 
for the profession of civil engi¬ 
neering, but was interrupted 
by severe illness. During his 
convalescence he accepted a 
position with the Winnesheik 
County Bank of Decorah, Iowa, 
an institution with which he 
remained connected for thirty- 
five years. 

During his long and suc¬ 
cessful career as a banker he 
became interested in botany, 
eventually specializing in the 
Uredineae, and while still en¬ 
gaged in the banking business 
he built up a very extensive 
collection and valuable library 
along his chosen field. Wish¬ 
ing to devote all his time to 
botanical research and traveling, in 1904 he retired from active con¬ 
nection with the bank, and moved to Minneapolis, in order to be in 
closer touch with academic life. Here he presented his collections and 
library to the University of Minnesota, and accepted the position of 
Assistant Professor of Botany, which he held until his death. 

Mr. Holway published many papers in his chosen field, both indi¬ 
vidually and in collaboration with J. C. Arthur and others. His greatest 
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work is a monographic publication on the North American Uredineae. 
The first part of this appeared in 1905, and at the time of his death he 
had published four parts and left the completed manuscript for the 
fifth part, all devoted to the genus Puccinia. 

Mr. Holway was a great traveler, and not the least valuable of his 
scientific contributions arc his collections of fungi and other plants from 
various little known parts of the world. While still in the banking busi¬ 
ness he traveled extensively in the United States and Mexico, and after 
his retirement he made several trips to Central America and western 
Canada, besides two long journeys in South America, the first covering 
the western part of that continent from southern Chile to Pxuador, the 
second largely confined to eastern and southern Brazil. He had just 
returned from the last journey when he was attacked by the illness which 
terminated in his death. 

A man of indomitable energy, he was always fascinated by exploring 
little known and inaccessible regions. When nearly fifty years of age 
he became an enthusiastic alpinist and thoroughly mastered the art 
of mountain climbing. He undertook a number of difficult exploring 
and climbing expeditions, particularly in the Canadian Rockies, the 
Caribou Range, and the Selkirks. In the latter range alone he climbed 
twenty-three summits over 10,000 feet high, thirteen of them first ascents 
and nine of these without guides. 

At the time of his death Mr. Holway was a member of the Royal 
Geographical Society, the American Alpine Club, the Canadian Alpine 
Club, and the Society of Sigma Xi. At one time he was a member of 
the Botanical Society of America. He was a remarkable example of a 
successful business man with an Cvssentially scientific mind, who finally 
turned completely away from commercial affairs to devote all his time to 
what he considered the more worth while pursuit of science.—F. K. 
Butters, University of Minnesota, Minneapolis, Minn. 



CURRENT LITERATURE 

NOTES FOR STUDENTS 

Soil acidity and plant distribution.—Abstracts of a number of papers by 
Wherry/ dealing with the problems of acidity of soils and the relation of 
acidity to plant distribution, are brought together and summarized in this report. 
Indicators to be used, methods of making determinations and for tabulation 
of data are suggested. Studies on ferns, orchids, and ericads are reported, 
with the range of acidity or alkalinity for each species, and the most frequently 
found, or of)timum, value. It is claimed that the peculiarities of the flora 
of the New Jersey pine barrens, as well as certain similarities between peat bog 
and salt marsh border floras, can be explained on the basis of differences in 
soil acidity. 

In a lengthy paper Olsen^ reports the results of studies with meadow and • 
woodland plants on Danish soils. Acidity of the soils, as determined by an 
improved colorometric method, runs from Ph 34 to Pn 8. Within the Ph range 
for any given species there is a narrower range in which the species has its 
maximum frequency. Pot and solution culture experiments confirmed field 
observations, in that acid soil plants became chlorotic and were unable to make 
good growth in neutral or slightly acid media, 'while alkaline soil plants were at a 
decided disadvantage in acid media. Attempts were made also to study the 
effects of aluminum and of nitrate nitrogen as compared with ammonia nitrogen 
on soil acidity and plant distribution and growth. Both factors are considered 
to be without effect, but the experiments on which the conclusions arc based 
arc far from convincing to anyone reasonably familiar with the literature in 
these fields. 

Both authors believe that the distribution of plant species under natural 
conditions varies regularly with the soil reaction. That plants differ in acid or 
alkali tolerance is unquestioned. That there is also an intermediate range of 
soil reaction, within which each species is able to make good growth when other 
conditions are likewise favorable, is probable. When, however, one considers 
the great variability in soil reaction, vertically and horizontally, met in the 
field, and the enormous number of physical, chemical, and biological factors 
involved in the growth of any individual plant, one wonders whether the 

* Wherry, E. T., Soil acidity: its nature, measurement, and relation to plant 
distribution, Smithsonian Kept, 247-268. 1923. 

* Olsen, Carsten, Studies on the hydrogen ion concentration of the soil and its 
significance to the vegetation, especially to the natural distribution of plants. Compt. 
Rend. Trav. Lab. Carlsberg 15:1-166. 1923. 
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“hydrogen ion” is not being called upon to explain too much. Frequently 
the so-called acid plants are found growing vigorously in non-acid habitats. 

It is true that each plant is a measure of the conditions, internal and 
external, under which it grows; but its growth is the resultant of many factors, 
few of which are overwhelmingly dominant. If any factor stands out clearly in 
world distribution of vegetation, it is water supply, not hydrogen ion concen¬ 
tration of soil waters. If one is trying to set sharp limitations to classes of 
plants as related to soil acidity, perhaps a more accurate method would be 
desirable. Salter and Morgan^ have shown that the soil-water ratio affects 
the Ph value, and other factors may also affect the values obtained, as the 
amount of indicator used, the amount of extract tested at a time, the length 
of time the chemicals interact, the degree of turbidity of the soil extract, and 
the quality of the color chart used. Unless these are carefully standardized, 
potentiometric checks upon readings woxild be very desirable. Finally, how 
are we to classify plants which are sometimes found growing in soils that 
vary vertically by considerable Ph values ? Is a plant growing on a neutral 
soil, with good root development extending down into an acid subsoil, to be 
classified as belonging to an acid habitat ? When one finds the same species 
growing a hundred yards away on an acid surface soil with neutral or alkaline 
subsoil, and good root development in both, how does one arrive at a classifica¬ 
tion, or can the investigator take his choice?—R. B. Dustman. 

Enzymes and fungal infection.—^Several years ago the discovery was made 
that mold spores contain enzymes. This has stimulated further research on 
the enzyme equipment of spores, and the possible influence of this equipment 
on the infection of host plants. Harter and Weimer< have demonstrated 
the occurrence of amylase and pectinase* in the spores of Rhizopjis tritici and 
R, nigricans f regardless of the temperature at which the spores had been 
produced. The pectinase was used with sweet potato tissue and found to 
attack the middle lamella. The enzyme is more active, or more abundant in 
the spores of R. tritici than in R. nigricans. 

Since various species of Rhizopm differ as to temperature requirements, 
the effects of temperature on pectinase production by the mycelium have been 
investigated* for nine parasitic and two non-parasitic species. The two 
non-parasitic species, R. microsporus and R. chinensis, both produce more 
pectinase than R. nigricans, a parasitic form. The production of pectinase is 

3 Salter, R. M., and Morgan, M. F., Factors affecting soil reaction. I. The 
soil-water ratio. Jour. Phys. Chem. 27:117-140. 1923. 

4 Harter, L. L., and Weimer, J. L., Amylase in the spores of Rhizopus tritici 
and R. nigricans. Amer. Jour. Bot. 10:89-92. 1923. 

4 Wemer, J. L., and Harter, L. L., Pectinase in the spores of Rhizopus. Amer. 
Jour. Bot. 10:167-169. 1923. 

6 Weimer, J. L., and Harter, L. L., Influence of temperature on the pectinase 
production of different species of Rhizopus. Amer. Jour. Bot. 10:127-132. 1923. ^ 
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least at high temperature, 40® C., and increases with decrease of temperature 
to 9® C. The cell walls of old potatoes are more readily attacked than those 
of freshly dug new potatoes. These fungi, however, cannot penetrate the 
unbroken skin of the sweet potato. Infection 7 occurs through wounds, 
apparently only when some dead tissue gives the fungus a saprophytic start. 
With this start, pectinase is developed, which dissolves the middle lamella 
and causes cells to die, thus extending the necrotic region. Since wounding 
is a preliminary necessity to Rhizopus rot in the sweet potato, losses can largely 
be obviated by care to avoid injury in digging, storing, and marketing.— 
C. A. Shull. 


Monograph of Peronospora.—The fourth part of the fifth volume of the 
contributions to the cryptogamic flora of Switzerland is devoted to an elaborate 
study of the genus Peronospora by Gaumann * The investigation extended 
over a period of five years and was completed in 1918, since which time it has 
been awaiting publication. To better institute comparisons, the species for 
the most part are brought together under the host families. Beside the 
usual technical description, synonymy, distribution, etc., almost every species 
is illustrated with very exact drawings of conidiospores, conidiophores, and 
biologic curves based on the length and the breadth of the spores. The dimen¬ 
sions of the s{X)res were secured by taking the average of 500 measurements 
made with a Leitz graded micrometer. A large number of new species are 
described. Although primarily undertaken as a study of the Swiss flora, it was 
extended to include all known species in order to secure a broader and more 
accurate viewpoint. The general study is preceded by a systematic key to 
the Swiss species, numbering 142. The character of the oospore wall throws 
the species into tw'o sub-families, and each of these into-two groups. In the 
separation of species much stress is laid upon the size of the conidiospores. 
The minutiae and comprehensiveness of the study may be inferred from an 
introductory review of the species concept, especially as applied to the genus 
Peronospora^ covering twenty-six pages, in which are inserted much experimental 
data. The work forms a notable contribution to cryptogamic literature.— 
J. C. Arthur. 

Resin formation.—The formation of resin in conifer needles has been 
investigated by Hannig,” who apparently overthrows Tschirsch's theory of 
resin secretion which claimed the presence of a special resin-secreting membrane 
on the outside of the resin-forming cell. Hannig is unable to find such mem- 

7 Harter, L. L., and Weimer, J. L., The relation of the enzyme pectinase to 
infection of sweet potatoes by Rhizopus. Amer. Jour. Bot 10:245-258. 1923. 

« GXuhann, Ernst, Beitr^ge zu einer Monographic der Gattung Peronospora 
Corda. BeitrRge zur Kryptogamenflora der Schweiz 5^; 1-360. 1923. 

• Hannio, E., Untersuchungen fiber die Harzbildungen in Koniferen Nadeln. 
Zeitschr* Bot 14:385-421. 2192. 
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branes, and explains how improper methods of preparation may have pro¬ 
duced Tschirsch^s “Schleimbeleg,” or ‘‘resinogene Schicht.” The proto¬ 
plasm of the epithelial cells surrounding the resin ducts is believed by Hannig 
to be the source of resin formation. The resin droplets are first seen on the 
surface of the protoplasm, just inside the walls of the cells, only on the sides 
bordering on the canal. Since these droplets lie between the cell wall and 
protoplasm, Hannig thinks that turgor pressure may be important in forcing 
the resin through the cell wall into the canal. By microchemical tests it is 
shown that the droplets formed by the cells and the resin in the canals are 
chemically alike. An excellent review of the microchemistry of resins is given. 
Larger droplets are found in the secreting cells of young needles than of old 
ones, according to Hannig. The new Haas and Hill text (Vol. I) states* 
that the greatest flow of resin occurs in the spring, when, of course, the needles 
are yoimg.—^J. B. Rhine. 

Bibliography of colloids.—An extensive bibliography of literature dealing 
with the colloidal state has been prepared for the National Research Council 
by Holmes,*® and published in mimeograph form. While the list is preliminary 
to a more complete bibliography, about 1900 titles are listed, dealing with 
every phase of the colloidal state. Among the classified groups are many of 
biological interest, such as adsorption, biocolloids, clays and soils, dialysis, 
emulsions, gels, gums, indicators, protein swelling, surface tension, ultra 
microscope, viscosity, etc. Investigators in this field will welcome the oppor¬ 
tunity to secure accurately prepared and reasonably complete lists of citations 
on these topics. There is hardly a single field of science which does not at 
some point deal with colloidal behavior, and the National Research Council is 
rendering a notable service to science in having this bibliography prepared. 
The conservation of the time of the individual investigator is very important, 
and these aids to investigation materially increase the productivity in re¬ 
search.—C. A. Shull. 

Electrical stimulation.—A resum6 of some experiments on electrical 
stimulation of plants is given by Koketsu,** in which protoplasmic streaming 
is brought to a standstill, or the size of cells diminished. The responses were , 
studied from various angles, such as rate of response, intensity effects, value 
of threshold stimulus, duration of required stimulus, etc. Changes in sensitiv¬ 
ity, polar effects, galvano-tropisms, taxies, and tetanus effects were demon¬ 
strated. The author seems not to have been aware of the more extensive work 
of Bose along these lines.— ^J. B. Rhine. 

Holmes, H. N., A bibliography of colloid chemistry. Nat. Res. Council, 
Washington, D.C. $1.00. 

“ Koketsu, R., tlber die Wirkung der elektrischen Reizimg an den Pflanzhehen 
Gebilden. Bot. Mag. 361129-132. 192a. 
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ABSORPTION OF NUTRIENTS FROM SUBSOIL IN 
RELATION TO CROP YIELD 

John W. Crist and J. E. Weaver 

(with nine figures) 

Investigations of the development of root systems of native and 
crop plants have been pursued for a number of years at the Uni¬ 
versity of Nebraska. The gradual intensification of this work has 
led to a type of experimentation designed to discover the nature 
of the activities of roots at great depths in relation to absorption 
of water and nutrients. In the present investigation the effects 
of absorption of nutrients from deep levels upon quantity and 
quality of yield were determined. Studies on the amounts of water 
and nitrates removed by crops from various soil levels were begun 
in 1919, but little attention was then given to yield. Since the 
results of these earlier experiments have a direct bearing upon the 
present problem, however, the methods employed being essentially 
the same, the more important results will be briefly summarized 
(cf. Weaver, Jean, and Crist 20). 

Containers i.5-"3 feet in diameter and 2.5-5 feet deep were 
employed. They were placed in trenches, which were then refilled 
with soil, and crops planted around the containers in such a manner 
that the experimental crops in the containers were grown under 
field conditions. The containers were filled with well mixed soil 
of known water content and physical and chemical composition, 
to which, at certain levels, NaNOa had been added at the rate of 
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400 parts per million. The containers were filled in such a manner 
that the well compacted soil at any level occupied the same relative 
position as regards depth that it had occupied before removal from 
the field. The fertilized layers, and in some cases every 6-inch 
layer, were separated from the rest of the soil by wax seals which 
prevented the movement of water or solutes, but through which 
the roots readily penetrated. To prevent water intake, each 
container was furnished with an appropriate wooden roof. Crops 
of Manchuria barley, early Ohio potatoes, and maize were grown. 
In order to study the activities of the roots at various stages in 
their development, enough containers were used so that some could 
be examined at each of the several periods of growth. In fig. i, 
containers i and 2 illustrate diagrammatically the development of 
the roots of barley when 55 days old and in the 6 or 7 leaf stage. 
In containers 3, 4, and 5 the crop was in blossom (74 days old), 
while in 6 and 7 it had reached maturity. The horizontal lines 
indicate the positions of the wax seals, and the double vertical 
lines the positions of the 6-inch levels to which the nutrient was 
added. The numbers at the bottoms of the containers give the 
nitrates in parts per million, based on the dry weight of the soil, 
absorbed from the fertilized layers. The gains by nitrification at 
the several levels were determined from the control container 
(no. 8), without a crop. 

The amount of water absorbed by barley from the deeper soil 
(to 3.5 feet) was in direct relation to the growth of the root system 
into these deeper layers. The total amounts absorbed to depths 
of 2.5 feet in general were practically the same from the several 
6-inch levels. Corn is an extravagant user of water, absorbing 
large quantities from the third and fourth foot of soil, and smaller 
amounts from the fifth foot. Potatoes absorbed water to depths 
of 2.5 feet. Potatoes used the nitrates in smaller amounts than 
barley. When beginning to blossom (74 days old) they had 
removed 143 and 70 parts per million of nitrates from the 1-1.5 
and 1.5-2 foot layers respectively, and when beginning to ripen 
(100 days old) they had removed 228 parts per million at a depth 
of 1.5-2 feet, and 76 to 165 parts per million at the 2-2.5 level. 
Corn removed 203, 140, and 118 parts per million at depths of 3, 
4, and 5 feet respectively. 
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From these experiments we may conclude that (i) the roots of 
crop plants are active in the absorption of both water and nitrate 
salts, even at the maximum depth of their penetration; (2) both 
water and nitrates are taken up from these lower portions of the 
soil in considerable quantities, although to a less extent than from 




Fig. I. —Diagrammatic representation of root development of barley at three 
different stages in growth; NaNO, occurred at several levels delimited by double^ 
vertical lines and horizontal lines, latter represent wax seals. 


the more superficial portions; (3) the plants receive this supply 
of water and nitrogen from the deeper soil layers during the later 
and perhaps more critical stages of their development; (4) the roots 
branch more profusely and are more abundant where they come 
in contact with the fertilizer; and (5) there is urgent need for a 
series of experiments to ascertain the significance of absorption at 
great depths in relation to quantity and quality of crop yield. 
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An extensive literature elucidating the problem of fertilizers and 
their effects upon yield of the various economic crops has been 
produced. Practically none of it refers to the present type of 
investigation, because in all experimental tests and agricultural 
practices the application of fertilizer has been restricted to the 
surface or merely to the first four to eight inches of the soil. Among 
soil scientists it has long been the custom to take samples to depths 
as great as 4-6 feet and occasionally even deeper. While slight 
attention has usually been given to the composition of the deeper 
samples, yet it has meant a degree of recognition of the importance 
of the nature of the deeper soil and soil solution. Serious considera¬ 
tion of the lower subsoil has been taken only when it was of rock or 
contained a hardpan, or, in some other way than through a deficiency 
of nutrient substances became detrimental to crop production (19). 

Experimental methods 

Large, water tight oak barrels 22 inches in minimum diameter 
and 30 inches deep were used as containers. Sufficient soil to fill 
them was obtained from the first 2.5 feet of the soil in the field in 
which the experimental work was done. The soil was low in both 
nitrate nitrogen and active phosphoric acid (table I). While crops 

TABLE I 


NO3 AND PaOj CONTENT OF SOILS 

t 


Soil 

Depth 

(ft.) 

Nitrate fNOj) 
(p.p.m.) 

PA 

(percent) 

Surface. 

0-1 

99-5 

11.1 

0.029 

0.012 

Subsoil. 

1-2.5 




on eastern Nebraska soils respond readily and consistently to nitrate 
fertilizers, experiments conducted by the department of agronomy 
of the University of Nebraska (unpublished data) have shown that 
phosphorus fertilizers have failed to stimulate production. 

On March 27, 1922, two trenches were dug in the field where 
the crops were to be grown, and the containers, 18 in number, placed 
in them in rows with the tops about 4 inches above the general 
soil level. The soil had previously been brought to an approxi¬ 
mately uniform water content of about 27 per cent. As the several 
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containers were filled, samples were taken at each level for moisture 
determinations, and also, where necessary, for the determination 
of nitrates. The fertilized layers were separated from the soil, 
both above and below, by means of wax seals, which consisted of 
85 per cent paraffin and 15 per cent petrolatum. The seal was 
applied hot, so that it penetrated a little into the soil, and when it 
cooled clung tenaciously to the soil particles. It varied from 2 to 
3 mm. in thickness. As shown in previous investigations, the seal 



Fig. 2.—General view of experimental plat on May 29. 


has no effect upon root development (20). The nutrient salts 
used were chemically pure monocalcium phosphate and sodium 
nitrate. The phosphate was applied at the rate of i gm. to 30 lb. 
of soil, which is approximately equivalent to 500 pounds of acid 
phosphate per acre. The nitrate was added at the rate of 292 parts 
per million of NO3 on the basis of the dry weight of the soil. 

When the containers had been filled to within 2 inches of the 
top, two thin wooden strips, about 1.5 inches in width and as long 
as the diameters of the containers, were placed edgewise and 
partially sunk into the soil so as to prevent the wax seal from cover- 
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ing the area of soil (about 1.5 inches in width) in which the crops 
were to be planted. Finally, the wax seal was covered with 2 
inches of sand. Next a light green wooden roof, with sufficient 
slope to cause the water to run off, but with an opening 1.5 inches 
wide and as long as the diameter of the container, was fastened in 
place. A small amount of soil was placed in the openings thus left, 
and after the crop was planted about an inch of dry soil added to 
check evaporation (fig. 2). Seeds of Manchuria barley, selected 

84^ #M eU 80.8 90.7 



4M SM 60.1 70.0 72.7 



Fig. 3.—Diagrammatic representation of root development of barley fertilized 
with NaNOj; seals and position of fertilizer indicated as in fig. i; numbers immedi¬ 
ately above containers represent number of plants, those higher, average length of 
stalks in centimeters. 

for uniformity in size and previously treated with formalin solution 
to prevent smut infection, were sown on April 7, 100 seeds per 
container. 

The position of the fertilized layers in the several containers in 
the nitrogen series, together with the unfertilized control crops, is 
shown in fig, 3, which also illustrates the relative root development 
at the time of harvest, June 26. The positions of the wax seals 
are indicated by horizontal lines and that of the fertilizer by double 
vertical lines. A control container without a crop or fertilizer, but 
sealed at every 6-inch level, was used as a check to determine the 
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extent of nitrification and denitrification. Root development, etc., 
at the time of harvest on June 24, is shown for the phosphorus 
series in fig. 4. 

On May 2, when germination was completed and most of the 
seedlings had reached the second leaf stage, they were thinned to 
3S per container. Eleven days later, just as tillering was beginning, 
enough of the smaller plants were removed to leave only 30 plants 



•o.t eoj 70.0 72.7 



Fig. 4.—Diagrammatic representation of root development of barley fertilized 
with CaH4(P04)a; seals, position of fertilizer, number of plants, and length of stalks 
indicated as in hg. 3. 


in each container, a number not in excess of that growing in a similar 
soil area under field conditions. The growth of the crops in the 
Containers, as in previous experiments, paralleled that of the crop 
surrounding them, except for such differences as were caused by the 
fertilizer, which could readily be observed upon comparison with 
the controls. On May 22, and again on June 17, when very hot 
dry weather prevailed, the experimental crops were watered, the 
same amount of water (i liter on the first date and 3 liters on the 
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second) being poured slowly into each container through the narrow 
openings through which the plants were growing. By June i the 
crop was heading. June 10-22 was a period of dry and unusually 
hot weather, which resulted in the general harvest of eastern Ne¬ 
braska being at least 10 days earlier than usual. The experimental 
crops ripened very rapidly, and were harvested on June 24 and 26 
respectively, the phosphorus series maturing first. 

In harvesting the crop, the plants were cut off at the surface of 
the soil. Those from each container were wrapped separately in 
muslin cloths and taken to the laboratory, where they were spread 
out on tables in a well ventilated, well lighted room and allowed 
to dry. When thoroughly dry, the various measurements were 
taken, weights determined, and analyses made. In taking down 
the containers, they were tilted on their sides in the trench, the hoops 
chiseled off, the top staves removed, and the exposed core of the 
soil taken out in 6-inch sections in examining root development and 
obtaining samples for analyses. All soil samples for chemical 
analyses were taken in large composite form. Those to be analyzed 
for nitrates were treated with small amounts of toluol and sealed 
at once in mason jars. In the nitrate determinations the method 
of Whiting (21) was employed. Phosphorus determinations were 
made by digestion in fifth normal nitric acid for 5 hours at 40° C. 
This gave the quantity of the so-called active phosphoric acid 
(Fraps 6 ). The usual modified Gunning method was used in the 
analyses of grain and straw for nitrogen. Determinations of 
phosphorus in the grain and straw were made by digesting the 
samples with concentrated nitric acid in the presence of MgO, 
followed by precipitation from the extract with ammonium molyb¬ 
date and the other steps in the gravimetric process. 

Experimental results 

Nitrate series 

The growth of root and shoot and the amounts of water and 
nitrates removed by the crop in the nitrate series, together with the 
water loss from the controls, are shown in table II. These data 
show the remarkable activity of roots in the absorption of both 
water and nitrates in the lower soil levels. Notwithstanding the 
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TABLE n 

Loss OP WATER AND NITRATES ApRIL 7 TO JUNE 26 


Depth 

IN 

FEET 

Water content 

April 7 
(per 
cent) 

June 

26 

(per 

cent) 

Loss 

(per 

cent) 

O-I 

22.3 

II .2 

11.1 

1-I.S 

22.4 

16,9 

5-5 

' 1.5-2 

23.8 

17.1 

6.7 

2-2.5 

23-3 

18.3 

50 

O-I 

24.8 

11 -1 

13.7 

1 - 1-5 

22.6 

16.8 

5.8 

1 . 5-2 

22 .8 

i8.o 

4-8 

2-2.5 

25.2 

25.0 

0.2 

0-1 

22.5 

11.8 

10.7 

T-I -5 

25-3 

18.0 

7-3 

1 . 5-2 

25.2 

17.8 

7-4 

2-2,5 

23.2 

23.2 

0.0 

0-1 

23.4 

12.2 

11.2 


25.4 

16.4 

Q.O 

1.5-2 

23.7 

17.9 

5.8 

2-2.5 

25.7 

20,0 

5.7 

0-1 

23 9 

11.9 

12.0 

l-i. 5 

24.3 

17.4 

O.Q 

1.5-2 

26.2 

22.3 

3.9 

2-2.5 

23-4 

22.9 

0.5 

0-1 

23.1 

11.3 

11.8 

I-I.s 

25.0 

16.6 

8.4 

1 . 5-2 

25-4 

22.2 

3.2 

2-2.5 

22.9 

22.5 

0.4 

O-I 

23-7 

11.6 

12.1 

, 1 - 1.5 

24 .6 

j 6.5 

8.1 

1.5-2 

25.0 

18.3 

6.7 

2 - 2.5 

29.8 

24.9 

4.9 

0-1 

25 .0 

23-9 

1.1 

1-1.5 

25.3 

25.3 

o.x 

1.5-2 

25.7 

24.4 


2-2.5 

25.4 

26.0 

+0.0 


Container and crop 

DEVELOPMENT 


No. i; 

60 stRlks, average length 

54.5 cm., 42 heads; roots 
well fleveloped in first 
foot, abundant to 1.5 feet, 
and fairly abundant to 2.5 
feet 

No. 2: 

57 stalks, average length 

58.6 cm., 43 heads; roots 

well develoi)ed in first 
foot, very abundant at 
1-1.5 feet, but sjxirse to 
2 feet, a few extendtil to 
2.1 feet j 

No. 3: 1 

50 stalks, average length! 

cm., 40 heads; normab 
devcloi)ment of roots to 
1.5 feet; then very abun¬ 
dant and evenly distributed 
to 2 feet, below which prac¬ 
tically none occurred 

No. 4: 

36 stalks, average length 
8o.g cm., 36 heads; rootsi 
abundant and evenlv dis¬ 
tributed to 2 feet, below j 
which abundant but notj 
uniformly distributed j 

No. 5; 

70 stalks, average length 

50.7 cm., 47 heads; roots 

very abunaant, profusely 
branched, uniformly dis¬ 
tributed to 1.5 feet; few 
below this level and none 
beyond 1.8 feet , 

No. 6: 

65 stalks, average length; 
49 cm., 41 heads; roots 
well developed to i.s feet, 
fairly abundant and ex- 
cepUonallv well branched 
at 1.5-2 feet, none deeper 

No. 7: 

, 71 .stalks, average length 
53.6 cm., 49 heads; roots 
very abundant, uniformly 
distributed to 1.5 feet, 
fairly abundant to 2 feet, 
not exceptionally abun¬ 
dant below 2 feet but ex¬ 
ceedingly well branched 

Container without crop to 
determine nitrification and 
denitrification 


Nitrate fNOa) parts per miluon 


Im. 

“• r.r«r. 


I Total June Loss 
26 


00.5 3Sb-B 70.7 527 64-4 462.6 


398.9 107.5 291.4 


II.1 365.3 25.8 402.2 142.4 259.8 


405.2 270.9 134-3 


531 7 179.9 351.8 
397.8 222,3 175.5 


5.34.9 133.4 401.5 
415.3 69.7 345.6 


99-5 363.5 70.7 533.7 156.5 377.2 


414.3 261.9 152.4 


97.3 97-3 . 

33.7 33.7 . 
47.9 47.9. 

33.3 33.3. 
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TABLE n —CofUintied 




Water content 

Nitrate (NOi) parts per million 

CONTAINEK AND CROP 
DEVELOPMENT 

Depth 

IN 

Feet 

April 7 
(per 
cent) 

June 

26 

(per 

cent) 


‘Sf- 

con¬ 
tent 
April 7 

Im¬ 
preg¬ 
nation 
April 7 

Gain 

nitri¬ 

fica¬ 

tion 

Total 

June 

26 

Loss 

No. 15; 

56 stalks, average length 
60.x cm., 41 heads; normal 
development of roots to s 
feet; fewer roots deeper 
but some reached 2.5 feet| 
and ran along bottom ofj 
container j 


o-i 

i-i.s 

a-2.s 

24.2 

24.9 

24.8 

27.4 

11.7 

x 6.8 

17.8 ! 
21.7 

12.5 

8.1 

7.0 

5 7 



Unfertilised 



No. x6: ] 

43 stalks, average length 
70.0 cm., 38 heads; roots I 
very abundant in first aj 
feet; fewer below, but ex¬ 
tended to 2.5 feet J 


o-i 

1- 1. s 

I.S-2 

2- 2.5 

24 -3 
23-9 

23.9 

27.6 

X2.0 

16.9 

16.4 

2X.O 

12.3 

7.0 

7.5 

6.6 



Unfertilized 



No. 17: ] 

43 stalks, average length 
72.7 cm., 38 heads; roots! 
veiv abundant to 2 feet, I 
and fairly abundant to 
bottom of container j 


O-I 

X-1.5 
i.S-a 
2-2.s 

24.6 

22.6 
23.8 

27.3 

XX.2 

14.7 

17.8 

23.2 

I 



Unfertilized 




rapid ripening of the crop, due to abnormal weather conditions, 
water was absorbed in considerable quantities (3-13 per cent of 
dry weight of soil) at all depths to which the roots penetrated. 
The large amounts of nitrates removed at the several levels are 
indicated by numbers representing parts per million opposite these 
levels in fig. 3. When the fertilizer was placed both in the surface 
foot and at 1-1.5, and 2-2.5 respectively, the amounts 

removed were, in order, 14.0, 61.5, and 14.5 per cent greater than 
when the fertilizer was placed in the surface foot alone. 

The number of stalks developing from the 30 original plants in 
each container decreased progressively with the depth of the 
fertilizer from 60 to 36 (fig. 3). Except when the nitrates were 
below 2 feet, the number of stalks was greater than that of the 
average of the controls. In the doubly fertilized series the number 
varied from 65 to 71, which was 38-51 per cent greater than the 
average of the controls, and 8-18 per cent greater than when the 
fertilizer was placed in the surface foot only. 

The average length of stalk increased progressively as the 
fertilizer was more deeply placed, ranging from 54.5 to 80.9 cm. 
(fig. 3). Except when the nitrates were below 2 feet in depth, the 
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stalks averaged shorter than those of the controls. In the doubly 
fertilized series the stalks were not only shorter than those of any 
of the controls, but also shorter than those of any of the singly 
fertilized series. 

The number of heads was greater in every container (except no. 
4) than the average of the controls. Where double fertilization 
obtained, the number exceeded that of the controls by 5-26 per 
cent. This statement may be misleading, however, unless the 
differences in the total number of stalks are taken into account. 
Column 7 of table III gives the percentage of stalks bearing heads, 
and shows that in every container (except no. 4, where the fertilizer 

TABLE III 


Number and length of stalks and heads in nitrate series 


Container 

Depth of fertilizer 
(feet) 

Number of 
stalks 

Average 
length of 
stalks 
(cm.) 

Number of 
heads 

Average 
length of 
heads 
(cm.) 

Stalks 
bearing 
heads 
(per cent) 

1. 

0.1 

60 

54.5 

42 

6.9 

70 

2 . 

i-i.S 

57 

58.6 

43 

6.7 

75 

3 . 

l.S-2 

SO 

61.4 

40 

6.1 

80 

4 . 

2-2. S 

36 

80.9 

36 

6.4 

100 

5 . 

o-i and i-i. 5 

70 

SO -7 

47 

6.9 

67 

6. 

o-i and I. s -2 

6S 

49 0 

41 

7.3 

63 

7 . 

o-i and 2 - 2.5 

71 

53-6 

49 

7.2 

69 

IS . 


56 

60.1 

41 

6.7 

73 

16. 


43 

70.0 

38 

6.4 

90 

17 . 


43 

1 72.7 

38 

6.4 

90 


was at 2-2.5 feet and was reached at a later period) a smaller per¬ 
centage of stalks bore heads, and that the smallest percentages 
are associated with the doubly fertilized soils. The heads in the 
doubly fertilized series were longest and exceeded the average of 
controls by 6-12 per cent. 

The average total dry weight of the controls (86.9 gm.) was 
exceeded by 12.2 per cent when the fertilizer was added to the sur¬ 
face foot only (table IV), but when the fertilizer was placed at lower 
levels, a decrease of 5.9, 15.5, and 4.9 per cent was determined in 
containers 2,3, and 4 respectively. Adding nitrates to other levels 
in addition to the first foot resulted in an increase in dry weight. 
This gain amounted to 11.5,11.3, and 26.9 per cent over the average 
of the controls in containers 5, 6, and 7 respectively. 

















132 


BOTANICAL GAZETTE 


[APRIL 


The dry weight of the grain was decreased in every case where 
nitrate was applied either singly or doubly, except in container 7. 
This decrease was no greater in the doubly fertilized than in the 
singly fertilized series, nor is there any definite relation between the 
depth of the fertilizer and the depression in yield of grain. 

The dry weight of straw was increased in container i of the 
singly fertilized series 24.9 per cent over the average of the controls, 
but where the nitrate was placed deeper than the first foot, a 
decrease occurred. The dry weight was equal to that of each of 
two of the controls, however, where the salt was at 1-1.5 and at 
2-2.5 The increases in the doubly fertilized soils were very 

TABLE IV 


Dry weight and nitrcxsen content of grain and straw 


Container 

Depth of fertilizer 
(feet) 

Dry weight 
of straw 
(gm.) 

Dry weight 
of grain 
(gm.) 

Total dry 
weight of 
tops 
(gm.) 

Ratio of 
grain to 
straw 

Nitrogen 
content of 
grain 
(per cent) 

Nitrogen 
content of 
straw 
(per cent) 

I. 

0.1 

67.1 

30-4 

97-5 

0.45 

3 -19 

2.01 

2. 

i-i-S 

52.9 

28.9 

81.8 

0-55 

330 

1.42 

3 . 

1.5-2 

46.3 

27.1 

734 

0.59 

2.52 

0.99 

4 . 

2-2.5 

Sii 

31.5 

82.6 

0.()2 

2.53 

0. 82 

5 . 

o-i and i-i. 5 

68.7 

26. 2 

96.9 

0.41 

3-39 

1.92 

6. 

o-i and 1.5-2 

68.7 

28.0 

96.7 

0.41 

3-41 

1.82 

7 . 

o-i and 2-2.5 

75-6 

34-7 

110.3 

0. 46 

3 -38 

2.02 

IS . 

None 

58.7 

33-4 

92.1 

0.57 

2.79 

0.86 

16. 

None 

I 51-2 

3 T .6 

82.8 

0.62 

2.47 

0.66 

17. 

None 

51-3 

34-7 

86.0 

0.68 

2.33 

o-SS 


marked in every instance, being 27.9, 27.9, and 40.8 per cent in 
containers 5, 6, and 7 respectively. Furthermore, the increase in 
the doubly fertilized series over that of the crop where the soil was 
fertilized only in the surface foot was 2.4-12.7 per cent. 

The application of nitrogen fertilizer caused reduction of grain 
in proportion to straw. From the data in column 6, table IV, it 
may be seen that the ratio of grain to straw is lower than the average 
of the controls in any container in which the crop was fertilized. 
The ratio increased as the amount of nitrate absorbed decreased. 
Thus it rose from 0.45, when the nitrates were in the surface foot, 
progressively to 0.62, when the nitrates were at a depth of 2.5 feet. 
It was less in the doubly fertilized series (except in container 7) 
than when the nitrate was added to the surface foot only. 
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A comparison of the data on the nitrogen content of grain and 
straw given in table IV shows that (i) the average nitrogen content 
of the grain of the controls (2.53 per cent) was exceeded by that of 
the crop from the singly fertilized series by 26.1 and 30.4 per cent 
respectively, when the fertilizer was at depths of o-i and 1-1.5 
feet; (2) in the doubly fertilized soils the greater nitrogen content 
of the grain over the average of the controls was 34, 34.8, and 33.6 
per cent respectively, as the salt was progressively deeper. More¬ 
over, only one of the controls exceeded in nitrogen content of grain 
any individual of either of the two fertilized series. The grain from 
container 15 analyzed higher than that from containers 3 and 4. 
The average nitrogen content of the straw of the controls (0.69 per 
cent) was exceeded in every case by that of the fertilized plants. 
Moreover, any one of the controls had a much lower nitrogen 
content of straw than any crop in the fertilized series, except where 
the nitrate was below two feet. The increases, in sequence from 
containers i to 4, were 191.3, 105.8, 43.5, and 18.8 per cent, and for 
the doubly fertilized series (5 to 7) 178.2, 163.7, and 192.7 per cent. 

Phosphorus series 

The experiment with phosphorus fertilizer was identical with 
that of the nitrogen series as regards number of containers, position 
of seals, impregnated soil layers, etc., and the same control crops 
were used for comparison. The growth of the tops and roots, 
together with the amounts of water removed at the several levels, 
is showm in table V. A comparison of this table with fig. 4 shows 
the root activities at all depths, water being absorbed in quantities 
similar to those removed by plants of the nitrate series. 

Data on the number and length of stalks and heads in the several 
containers are given in table VI. The number of stalks and the 
length of heads were less than the average of the controls in every 
case where fertilizer was used, except in the first container. More¬ 
over, with the exception of container 2, the stalks wrere shorter and 
the heads fewer, but the percentage of stalks bearing heads was nearly 
equal to or greater than that of the average of the controls. In the 
containers where the soil was fertilized at two levels the stalks 
averaged fewer, and the heads were fewer and shorter than when 



134 


BOTANICAL GAZETTE 


[APRIL 


phosphorus was placed in a single layer. With one exception, how¬ 
ever, the percentage of stalks bearing heads was greater in the 
doubly fertilized series. 

TABLE V 


Loss OP WATER PROM PHOSPHORUS SERIES AND CONTROLS APRIL ^ TO JUNE 24 


Watee content 






Table VII shows that the average total dry weight of the con¬ 
trols (87.0 gm.) exceeded that of any of the crops where the soil 
was fertilized at any depth with phosphorus. In the singly fertil¬ 
ized soils, in the order of the increasing depth of the fertilizer, the 
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decreases were 11.3, 18.1, 24.7, and 23.7 per cent respectively. 
Where doubly fertilized the depression in yield was much greater, 
being, in the above order, 43.0, 36.6, and 51.6 per cent. These 
great decreases in dry weight occurred both in grain and straw. 
The depression of grain yield was somewhat greater than that of 

TABLE VI 


Number and length of stalks and heads in phosphorus series 


Container 

Depth of fertilizer 
(feet) 

^Number of 
stalks 

Average 
length 
of stalks 
(cm.) 

Number of 
heads 

Average 
length of 
heads 
(cm.) 

Stalks bearing 
heads 
(per cent) 

r. 

o-r 

48 

5 Q I 

38 

6-5 

79.1 

2. 

i-i-S 

41 

69-s 

39 

5-5 

95-1 

3 . 

1.5-2 

40 

63.8 

33 

6.4 

82.5 

4 . 

2-2.5 

45 

56.3 

37 

6.0 

82. 2 

5 . 

o-i and 1-1.5 

41 

59-3 

35 

4.6 

85.5 

6.! 

o-i and 1.5-2 

38 

^> 3-7 

33 

5-1 

86.8 

7 . 

o-i and 2-2.5 

31 

60.9 

28 

5-2 

90.3 

IS. 

Control 

S6 

60.1 

41 

6.7 

73-2 

16. 

Control 

43 

70.0 

38 

6.4 

88.3 

17. 

Control 

43 

72.7 

38 

6.4 

88.3 


TABLE VII 

Dry weight and phosphorus content of grain and straw 


Container 

Depth of fertilizer 
(feet) 

Dry weight 
of straw 
(gin.) 

Dry weight 
of grain 
(gm.) 

Total dry 
weight of 
tops 
(gm.) 

Ratio of 
grain to 
straw 


Phosphorus 
content of 
straw 
(per cent) 

I. 

0.1 

48.9 

28. 2 

77.1 

0.58 

1 337 

0.444 

2. 

i-i-S 

43-9 

27.3 

71.2 

0. 62 

1.245 

0.476 

3 . 

1.5-2 

40.8 

24.7 

65 s 

0. 61 

I. 248 

0-355 

4 . 

2-2.5 

40.5 

25.9 

66.4 

0.64 

1.176 

0.418 

5 . 

O-I and i-i. 5 

28.8 

20.8 

49-6 

0. 72 

1-237 

0.457 

6. 

O-I and 1.5-2 

33 9 

21.2 

55-1 

0.63 

1.237 

0. 706 

mk mmi 

O-I and 2-2.5 

22.5 

19.6 

42.1 

0. 87 

1.250 

0.533 

m HHHI 

None 

58.7 

33-4 

92.1 

0.57 

1.210 

0. 287 

lu Hfllll 

None 

51.2 

31-6 

82.9 

0.62 

1.198 

0.270 

BBBBI 

None 

513 

34-7 

86.1 

0.68 

1.179 

0.347 


the straw when only one layer of soil was fertilized, but when a 
deeper layer in addition to the surface foot was impregnated, the 
depression of the straw yield was greater. 

The ratio of grain to straw averaged 0.62 for the controls. In 
the singly fertilized series variations from this ratio were negligible, 
but in the doubly fertilized soils the ratio was considerably increased. 
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Lack of consistent correlation of the ratios with the phosphorus 
content of either grain or straw, however, indicates that they prob¬ 
ably have little significance. The average phosphorus content of 
grain of the controls (1.196 per cent) was less than that from any 
container where the soil was singly fertilized above 2 feet. The 
increases, in the sequence of increasing depth of fertilizer, were 
11.8, 4.1, and 4.3 per cent. Where the phosphorus salt was below 
2 feet a decrease of 1.7 per cent was determined. In the doubly 
fertilized soils the gains, in the above sequence, vrere 3.4, 3.4, and 
4.5 per cent. Furthermore, with the single exception just noted, 
none of the three controls equaled in phosphorus content of grain 
that of any of the fertilized crops. 

The increase of phosphorus content of straw over that of the 
controls, which averaged 0.301 per cent, was greater than that of 
the grain. Moreover, each control had a lower phosphorus con¬ 
tent of straw than that of any crop regardless of the depth at which 
the fertilizer was present. In the singly fertilized series, in order 
of increasing depth of phosphorus salts, the percentages were 47.5, 
58.1, 17.9, and 38.9 respectively. Using the same sequence in the 
doubly fertilized series, they were 51.8, 134.5, and 77.1 per cent. 

Discussion 

The value of the data obtained from these experiments is 
enhanced by the fact that the*crop was grown under field conditions 
and in containers sufficiently large to permit normal root develop¬ 
ment. Except for the effects brought about by the fertilizers, the 
crop developed normally. This was determined both by comparison 
with the controls and the crop in the field surrounding the con¬ 
tainers. The effects of the various treatments of fertilizer became 
evident in the nitrogen series early in the development of the crop. 
Not only were the plants in contact with the nitrates more numer¬ 
ous, but also more bushy. They had longer and broader leaves, 
slightly thicker stems, and were a deeper green than either the con¬ 
trols or the plants fertilized with phosphorus. All of these char¬ 
acters were accentuated in the containers where nitrates occurred 
in the deeper soils as well as in the surface foot. Plants in contact 
with the phosphorus showed a decided glaucous appearance. 
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These differences in the two series, when the crop was 53 days old, 
are shown in figs. 5 and 6. The lateral spread of the tops of the 
plants on May 27 averaged 10 inches for the controls, 7.5 inches 
for the phosphorus series, and 13 inches for those fertilized with 
nitrates. The average greatest diameter of the second leaf from 
the top at this time was 14.4 mm. for the controls, and 15 mm. and 
18 mm. respectively for the phosphorus and nitrate series. Head- 



Fig. 5.—53-clay old plants in container where soil was fertilized with nitrates at 
0“i and 1-1.5 ^cet. 


ing occurred among the phosphorus fertilized plants on June i, 
slightly in advance of the controls, and 5 to 7 days earlier than in 
the nitrate series, l^he condition of the crop at the time of harvest 
(June 24), where the nitrate and phosphate respectively occurred 
at 1-1.5 feet in depth, as well as that of a control, is shown in figs. 
7 " 9 * 

The researches of Nobbe (16), Thiel (18), Hoveler (ii), 
Frank (5), Mt^LLER-TiiuROAU (15), von Seelhorst (17), Living¬ 
ston (14), Brenchley and Jackson (i), and many others are in 
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agreement that the presence of fertilizer increases root develop¬ 
ment. A greater development of the barley roots in the soil 
layers impregnated with the nitrate was found, but little or no 
difference was observed in the phosphorus series. 

It is of interest that the roots absorbed nitrates at all levels 
into which they penetrated, notwithstanding the fact that the salt 
at all times was abundant in the surface soil. In fact, they extracted 



Fig. 6 ,—Soil fertilized with phosphorus at o-i foot 


almost as much from the surface foot in addition to the supply 
obtained from the deeper soil as when nitrate was supplied to the 
surface foot alone. This shows that the presence of salts in the 
subsoil profoundly affects the amount of nitrate absorbed, and this 
in turn materially affects the growth of the crop and the quantity 
and quality of the yitld. The amount of phosphorus absorbed 
from the several levels was not determined, but judging from the 
variations in the phosphorus content of the plants, these statements 
seem to hold equally true for phosphate fertilizers. 
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Nitrates placed below but in conjunction with fertilizer in the 
surface foot failed to increase the nitrogen content of the straw 
beyond that of the crop fertilized in the surface foot only. In 
every instance, however, it resulted in an increased nitrogen content 



Fig. 7.—Mature crops: soil fertilized with nitrates 

of the grain. Conversely, under similar conditions when phos¬ 
phorus fertilizer was employed, while the phosphorus content of 
the grain was not raised, that of the straw was increased in every 
case. Since phosphorus placed below as well as in the surface foot 
gave a better quality of straw, while under the same conditions 
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nitrogen caused a better quality of grain, it seems clear that when 
the limits of improvement in the quality of cereal crops through 
attention to the upper part of the soil have been reached, there 
are still possibilities of further progress through increased atten¬ 
tion to the deeper strata. 



Fig. 8.—Mature crops: with phosphates at 1-1.5 foot depth respectively 

That nitrogen promotes tillering is well known. These experi¬ 
ments show that the addition of more nitrogen below the surface 
foot makes the tillering habit even more pronounced. Gericke 
(7), in accounting for the abundant tillering and culm production 
in cultures of wheat which received additional supplies of nitrogen 
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late in the growing period, concluded that it was due to the greater 
extent of the root system. This resulted in the absorption of a 
larger amount of nutrients than was needed by the plants for normal 
development of the individual shoots. Our results are in agree- 



Fig. 9.—Mature crops: control, not fertilized 


ment with this explanation. The number of stalks followed closely 
the amount of nitrate absorbed, and even more closely the nitrogen 
content of both grain and straw at maturity. Moreover, the 
amount of tillering correlated closely with the root area in contact 
with the nutrient, if we consider that the extent of the root systems 
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in the successive layers of the singly fertilized soils was progressively 
less from the surface foot downward, and greater in any soil doubly 
fertilized. The growth period of the plant, however, seems to 
affect the rate and significance of absorption more or less aside 
from the extent of root development. 

Phosphorus depressed the yield. Larger quantities were 
absorbed where this salt occurred at deeper levels in addition to 
the surface soil, and the dry weight of tops was correspondingly 
depressed. The plants were fewer and smaller in almost every way. 
Reduction in yield varied almost directly in proportion to the 
amount of phosphorus absorbed. The average dry weight and aver¬ 
age phosphorus content of straw of the controls, singly and doubly 
fertilized series, were respectively, 53.7, 43.5, and 28.4 gm., and 
0.301, 0.423, and 0.565 per cent. In most cases, however, phos¬ 
phorus increased the percentage of stalks bearing heads, while 
nitrates, except where they occurred below 2 feet, caused a decrease. 

Nitrogen increased absolute yield only when present in the sur¬ 
face foot or in the surface foot as well as in lower levels. In either 
case the increase was brought about mainly through the straw and 
averaged greater under the second set of conditions. This effect 
through the straw was wrought simply by an enormous increase in 
the number of stalks. Nitrate depressed height growth, reduced the 
average weight per stalk, lowered the percentage of stalks bearing 
heads, and increased the total number of heads and their average 
length but little. It exerted only a slight influence upon the weight 
of the grain, yet the increase in the total number of stalks was* 
sufficient to overcome these losses, and indeed to give increased 
totals. Unlike phosphorus, it lowered the ratio of the dry weight 
of grain to straw. This effect appeared where the plants absorbed 
more than 135 p.p.m. of NO3, or where the straw contained above 
I per cent and the grain above 2.5 per cent of nitrogen, Hellrie- 
GEL and WiLFARTH (iz). Working with sand cultures, obtained no 
further increase in the ratio of grain to dry matter of barley when 
the cultures were supplied with more than 168 mg. of nitrogen. 
Hellriegel (13) also found that the percentage of grain to total 
dry weight of barley decreased when more than 113.6 mg. of PaO, 
were supplied per pot. 
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The amount of nutrient removed from the soil is not the only 
factor affecting quality and quantity of yield. As regards nitrogen 
particularly, much seems to depend upon the time when the salts 
are available. Placing the fertilizer in the several containers in 
progressively deeper soil layers is really a means of varying the time 
in the life of the plant when the salt is available. And, since 
presumably roots absorb from deeper soil layers somewhat in pro¬ 
portion to the time they occupy these layers, it also varies the 
amount of fertilizer absorbed. Thus, as the time of nitrate absorp¬ 
tion became progressively later in the Kfe of the crop in the soil 
singly fertilized, so the number of stalks and heads, the nitrogen 
content of the straw, and, to a less degree, the nitrogen content of 
the grain decreased. Moreover, the same held true for the dry 
weight of both grain and straw and the average length of heads, 
where the fertilizer occurred above 2 feet. Where the nitrate 
occurred below 2 feet there was a relative increase in weight of 
grain and straw as well as length of heads, instead of a further 
decline. This occurred also in the doubly fertilized soils, where 
in addition gains were made in the nitrogen content of the straw, 
number and average length of stalks, number of heads, and per¬ 
centage of stalks bearing heads. Thus applications of nitrate are 
most beneficial to the quantity and quality of the crop in the 
earliest and latest stages of root development and activity, although 
they are not entirely ineffective at certain intermediate stages. 

The relation of the growth period of the plants to the effective¬ 
ness of the phosphorus was less marked, although very definite in 
some respects. As the contact of the roots with the fertilized layer 
was delayed, there was a progressive decrease in the number of 
stalks, dry weight of both grain and straw, and phosphorus content 
of grain. 

Gericke (8) applied sodium nitrate to spring and winter wheat, 
oats, and rye growing in soil in one gallon stone jars, at different 
growth periods. In the spring wheat and oats, the nitrogen or 
protein content increased continuously as the applications were 
made later and later in the life of the plant. Winter wheat and 
rye gave a like response only to applications made in the latest 
periods of growth. The barley in our experiment responded differ- 
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ently from these crops, in that the plants decreased in nitrogen 
content and in tillering as the availability of the nitrate was post¬ 
poned through the mechanism provided in the singly fertilized 
series. Gericke (9) confirmed his results regarding the relation 
he found between the time of application of nitrate salts and the 
resultant protein content of oat plants. He used a sandy soil 
deficient in nitrogen, and grew' 7 plants in each one gallon container 
in a greenhouse. He found an increase in the number of stalks, but 
a decrease in their average height as the nitrate was applied later 
in the life of the plant. He believes the shorter stalks may be 
either a result of competition or due to the late production of tillers 
and their correspondingly shorter period for growth. Moreover, 
he found total dry weight and the weight of the grain to be greater 
when the nitrate was applied later in the life of the crop. In every 
respect these results are quite the converse of those set forth in 
this paper, and the reason for the difference seems to lie in the 
method of experimentation. It seems clear that cereal crops with 
roots which normally reach depths of 3-5 feet and spread laterally 
through a radius of 12 inches (Weaver 19, 20) might function 
quite differently when several plants were confined to 5.5 kg. of 
soil. 

Davidson and Le Clerc (3), working with wheat grown in 
outdoor plats, applied NaN03 at the surface at different periods 
of growth with the following results. Applications made early 
(plants 2 inches high) stimulated vegetative growth and conse¬ 
quently increased yield; applications made at the milk stage of 
the grain had no effect on either yield or quality; while applications 
at heading time gave a better quality of grain as to color and protein 
content, but the vegetative growth was unaffected. In 1922, 
Davidson (4) again grew wheat in field plats of one square rod each 
and applied nitrates at different growth periods. The effectiveness 
of the nitrogen in increasing yield gradually decreased as the nitrate 
was applied later and later in the life of the plant. Its effective¬ 
ness, however, in increasing protein content of grain and percentage 
of grain to total dry weight of crop was increased. The data in 
table IV bear out these results except the effect upon the protein 
content of grain. 
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Burd (2) grew barley in containers with a surface area of 30X60 
inches each and a depth of 18 inches. He concludes that the two 
elements (potassium and nitrogen) with which plant growth in 
general is most closely associated may approach or exceed their 
maxima at a comparatively early stage in the plant^s development, 
that is, at the beginning of head formation; also that the mutual 
relations of soils and plants are such that it is generally desirable to 
have the large amounts of solutes incidental to relatively high con¬ 
centrations in the soil solution at the commencement of the plant^s 
growth cycle, but that it is unnecessary and may be undesirable 
to maintain this condition during the later stages of growth. 

As regards nitrates, our results do not confirm this conclusion. 
Weaver (20) has shown that the roots of barley when grown in a 
column of soil of adequate depth do not reach the lowest levels of 
their penetration to any considerable extent, and consequently do 
little absorbing there until the plants are nearing the blossoming 
stage. Root activities during the critical periods of blossoming 
and the filling of the grain have been shown to be exceedingly 
important. Gile and Carrero (10), working with rice and corn 
where a part of the roots only were in contact with nitrogen or 
phosphorus in a complete solution, have shown that the smaller 
the portion of the roots in the complete solution the greater was the 
absoq^tion of the elements per gram of roots. 

Differences in the results obtained by various investigators on 
the use of nitrate fertilizers no doubt are due, at least in part, to 
the different crops and experimental methods employed. More¬ 
over, it is possible that the effect of nitrates upon the development 
of a plant is determined in some measure by the portion of the root 
system in which the absorption occurs. Perhaps a smaller per¬ 
centage of nitrate absorbed by the roots from the deeper soil levels 
actually reaches the above-ground parts, being used up in the 
metabolic processes of the roots themselves. If this is the case, the 
arrangement of the fertilized layers in the containers in this experi¬ 
ment would serve to make the results evident. 

The fact that roots absorb nutrients at deep levels in the subsoil 
as well as from the surface layer should be given greater attention 
by all plant growers. The current idea that it is mainly the surface 
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layer of soil that supplies the plant with nutrients and that the sub¬ 
soil is the crop’s reservoir for water, should give way to the fact that 
it is the whole soil mass pervaded by roots that determines root 
activities. Since not only the quantity of nutrients but also the 
time at which they are absorbed affect quantity and quality of 
. yield, the amount of available nutrients in the subsoil is a matter 
of great importance. In fact, the adaptability of a soil for crops 
may be determined largely by the composition of the subsoil. The 
problem of getting the phosphatic and potassic fertilizers, which 
do not leach extensively into the deeper soil where they may be 
more efficient, is one with which students of fertilizer practices 
should be concerned. The time and quantity of the applications 
of nitrates, which leach freely into the deeper soil, in relation to 
rainfall and root depth is a field worthy of investigation. It is 
possible that tillage and cultivation practices can be modified so as 
to give in advance of the crop season a supply of nitrates which 
might leach into the deeper subsoil in time for their absorption at 
the most effective period in the development of the crop. 

Summary 

1. This investigation was undertaken to determine the effects 
of absorption of nitrates and phosphates from the subsoil on 
quantity and quality of yield of barley. Eighteen containers, 22 
inches in diameter and 30 ifiches deep, were filled with soil and 
subsoil and placed in trenches in the field. Thirty barley plants 
were grown in each container; they were surrounded by a crop of 
barley, growing partly in the refilled trenches. The soil, except in 
the controls, was fertilized at various levels to 30 inches in depth, 
and in some cases at two levels, with either NaNOj or CaH4(P04)a. 
Wax seals, through which the roots easily penetrated, were used to 
prevent the movement of water and nutrient salts from the fertilized 
layer to the soil above or below. 

2. The roots in the controls reached a depth of 30 inches, but 
nitrate fertilizer at any level tended to lessen root depth and greatly 
increased branching. Phosphates did not noticeably increase root 
development. 

3. Nutrients were absorbed in large quantities at every level to 
30 inches. Although the plants used the largest amount of salts 
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from the surface foot, they also took large additional quantities 
from the deeper levels when it was available. 

4. Absorption of nutrients at levels below the surface foot affects 
materially the quantity and quality of the yield. It does not lose 
its additive effect even when the surface foot is abundantly supplied 
with a similar nutrient. Thus the chemical composition of the 
subsoil and the soil solution is very important. 

5. Nitrates increased total dry weight when applied to the 
surface foot early in the life of the plant. This results from its 
effectiveness in promoting heavier tillering. It increased dry 
weight and also quality of grain still more when available at lower 
levels as well as in the surface foot. Phosphorus depressed yield, 
particularly that of the straw, somewhat in proportion to the 
amount absorbed. 

6. Time of absorption is an important factor. The effects of the 
nutritive salts are most marked on both quantity and quality of 
yield early and late in the development of the plant, that is, when 
absorption is confined largely to the first foot of soil and the crop 
is tillering, and again when the younger portions of the longer roots 
are absorbing from the deeper levels at the time of heading. Thus 
an ample distribution of the deeper portion of the root system in a 
rich subsoil solution at the later critical period of growth is exceed¬ 
ingly important. Consequently, a knowledge of the development 
and extent of the roots of crop plants is of primary interest. 

7. These experiments show the importance of the subsoil as a 
source of nutrients for crops, and the effects upon plant develop¬ 
ment. They emphasize the values to be gained by fertilizer prac¬ 
tices which take the composition of the subsoil into account. 

Uniyersity of Nebraska 
Lincoln, Neb. 
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MEIOSIS IN POLLEN MOTHER CELLS OF OENOTHERA 
FRANCISCANA SULFUREA 

Ralph E. Clelanb 
(with plates XIV, xv) 

Introduction 

Oenothera franciscana sulfurea is an evening primrose with 
cream colored flowers, which arose in 1914 in the experimental 
gardens of B. M. Davis. An account of its appearance and subse¬ 
quent history, for which I am indebted to Professor Davis, can be 
summarized briefly as follows: 

1912. Plant 12.16(1 biennis was pollinated by franciscana B. 
(pollen supplied by H. H. Bartlett, from his culture oi franciscana 
in Washington). 

1913. Culture 13.36, Fi hy])rids of biennis {12,160) Xfranciscana 
B. This culture was fairly uniform (Davis 4), and resembled 
franciscana in most characteristics. 

1914. Culture 14.56, from plant 13.36(1, selfed. Germination 
was very poor (8 per cent), and the culture was small. The 51 
plants which sent up flowering shoots were uniform and resembled 
closely the Fj parent, 13.36(1, except for one plant (14.561c;), which 
differed from the rest in having cream colored (^‘white ^0 flowers 
(Davis 5). This was the first franciscana sulfurea, and its history 
in selfed line has been as follows: 

1916. Culture 16.23 from plant i4.56zc;. Contents of one 
capsule, forced to complete germination, gave 188 seedlings and 
32 empties. Gennination 85 per cent; 64 plants were grown to 
maturity, all white flowered. 

1917. Culture 17.23, from plant 16.23a, Earth-sown; 12 
plants were brought to maturity, all white flowered. 

1920. Culture 20.23, from plant 17.23, I 3. Earth-sown; 25 
plants were grown to maturity, all white flowered. 

■ 1921. Culture 21.23, from plant 20.23-6. Contents of one 
capsule forced to complete germination gave 354 seedlings and 49 
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empties. Germination 87.8 per cent; 23 plants were grown to 
maturity, all white flowered. 

There is reason to believe that the stdfurea character has been 
inherited from the biennis side. 0. franciscana has been grown 
now for eight generations, and has yet to show any sign of aberrancy. 
On the other hand, in biennis, as is well known, a small percentage 
of aberrant forms is to be expected, among which are a few sulfurea 
forms. Stomps (7) found 4 sulfurea plants in 920 plants of biennis 
(0.413 per cent), and de Vries (8) found 27 in 8500 (0.317 per 
cent). The sulfurea character, therefore, may easily have come 
from the biennis parent. In most other visible characters the plant 
resembles 0. franciscana^ and for this reason it has been named 
0 . franciscana sulfurea. It will be observed that, so far as the 
sulfurea character is concerned, this strain up to the present time 
has bred entirely true. Cultures have not been grown of sufiicient 
size as yet, however, to warrant any statement regarding the 
genetical characteristics of the plant as a whole, beyond the fact 
that they have exhibited a certain amount of variation. 

Material and methods 

Material was collected during the summer of 1920 in the experi¬ 
mental gardens of Professor Davis at Ann Arbor, Michigan. 
Several killing fluids were used, but, as in the case of 0 . franciscana, 
it was found that by far the best results were obtained by fixing 
for three or four hours in one of Allen’s modifications of Bouin’s 
solution, containing picric acid (saturated aqueous solution) 
75 cc., formalin (commercial) 25 cc., glacial acetic acid 5 cc., 
chromic acid 1.5 gm., urea 2 gm. The material was imbedded 
in paraflSn, cut at 8-10/1, and stained with iron-alum haematoxylin. 

Description 

Longitudinal sections of the anthers of 0 . franciscana sulfurea 
resemble very closely those of 0 . franciscana at corresponding stages. 
Archesporial and pollen mother cells of the two forms are alike 
as to size and arrangement, and their nuclei are also of the same 
size. The separation and rounding off of the pollen mother cells 
take place at the same time and in like manner. The resemblance 
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is so close that, except for intra-nuclear differences at certain stages, 
sections from the two plants are practically indistinguishable. 

Archespokium 

In the archesporial stage the resemblance extends even to the 
nuclear contents. There is the same delicate and copious reticulum 
seen as in 0 . franciscana (Cleland i), irregularly roughened and 
thickened with chromatin aggregations of varying size and shape, 
and in intimate contact with the nucleoli, of which one is usually 
much larger than the rest, if more than one is present. There is 
also the same absence of parallelism, the threads showing little if 
any tendency to pair. I'liis condition is not only true of the 
archesporial resting stage, but of later stages as well. As the 
nucleus begins to approach the heterotypic prophase, some of the 
threads seem to shorten and thicken, which results in the stretching 
and attenuation of others. As a consequence, the meshes of the 
network become more irregular in size, and occasionally threads are 
brought into parallel relation with one another, a condition which 
might be interj)retcd as the parallelism of homologous threads. 
Such a large proportion of the threads remain undoubtedly single, 
however, and the occasional parallelisms are so obviously a result 
of the contractions and irregular amalgamation of threads which 
finally lead to the formation of the “open spireme,^’ that there 
does not seem to be any reason for believing that a fusion takes 
place at this stage, either of homologous parts of two different 
spiremes, or of the split halves of the same spireme. 

Heterotypic propiiase 

Synizesis. —Early and mid-synizesis stages resemble exactly 
corresponding stages in 0 . franciscana. The reticulum contracts 
in the same way to one side of the nucleus. This is usually the 
side which is nearest the periphery of the cell, which suggests the 
possibility that synizesis is an artifact, due to the influence of the 
fixing fluid. The nucleolus also leaves its original position in the 
interior and moves to the same side of the nucleus, where, buried 
in the reticulum, it becomes plastered up against the periphery as a 
somewhat flattened, cushion-shaped, black staining body. The 
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contracted mass of threads becomes so compact that it is impossible 
to see the individual threads, except along the periphery. Thin 
tangential sections and a study of the lateral surfaces of the knot 
arc necessary in determining the situation at this stage. Most of 
the threads have become exceedingly tortuous and much wrinkled, 
as thqpgh they had shrunken. They are very unequal in diameter, 
some seeming to be increasing in importance and others diminishing, 
as described for 0 . franciscana. The spaces between the threads 
in such a contracted knot are very small of course, but there is no 
indication that threads parallel one another for any distance. 
There is rather a dense tangle of threads, which run in all directions, 
seemingly without order or system. 

As synizesis proceeds, the number of threads decreases by the 
transfer of material composing certain threads into others, and by 
the fusion, in various ways, of adjacent parts of the reticulum. 
The surviving threads become more prominent, and the meshes 
in the network become larger, even though the synizetic knot as 
a whole does not increase in size. Little by little these threads 
begin to be distinguishable in the knot when examined as a whole, 
at first rough and unequal in diameter, but later becoming smoother 
and more uniform. As the threads become more prominent, 
the nucleoli flatten out more and more, the large one often assuming 
the form of a horseshoe or ring, or even fragmenting. 

Thus far, the development of the nucleus has been so like that 
of 0. franciscana that figures illustrating the latter will do equally 
well for this plant (Cleland i, figs. i-8). The manner of the 
unfolding of the knot, however, differs in detail in the two plants. 
In 0 . franciscana it was found that the threads nearest the nucleolus 
became gorged and swollen with chromatin, which passed out from 
the latter, and gradually diffused throughout the reticulum. The 
thread system, with its chromatin content thus augmented, unfolded 
and became a diffuse and open reticulate spireme, to a large extent 
filling the nucleus, a typical ‘‘open spireme.’’ In 0. franciscana 
sulfurea the chromatin contents of the nucleolus pass into the 
reticulum also, but in a slightly different way. The flow seems 
for the most part to be confined to one or two threads which lead 
directly from the nucleolus to the center of the knot (figs. 1-3). 
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These become gorged and greatly swollen. Chromatin material 
passes along these to the center of the reticulum, and from there into 
the other threads. At the same time, the synizetic knot begins 
to unfold slowly. The main part of the spireme, comi)osed by 
this time of threads which for the most part are prominent enough 
to be visible, leaves the region of the periphery and the nucleolus, 
and comes to lie in the center of the nucleus, leaving only a few 
strands bending and twisting in an open network between itself 
and the nucleolus. Through this openly reticulate portion pass 
the swollen threads, forming a broad, black staining, and straight 
band. There is no question in my mind that material is flowing 
through these threads into the reticulum. The attachment of the nu¬ 
cleolus to the broad band or bands is unmistakable, and a study of 
the nucleolus shows clearly that it is being emptied. At first it is 
uniformly black staining (figs, i, 2). As the threads begin to swell, 
and stiiin black, however, the edges of the nucleolus commence to 
lose their staining qualities. The black staining portion gradually 
becomes smaller and smaller, and more and more confined to the 
region around the exit (fig, 3). Soon the endonucleolus appears, 
freed from its covering of chromatin, a black staining little body 
in the almost unstained and empty looking portion of the nucleolus. 
The black color finally disappears entirely from the nucleolus and 
it is free from chromatin (fig. 4). Meanwhile the threads of the 
reticulum which are connected with the other end of the broad 
band have become swollen and black also, as the chromatin is 
passed out into the rest of the network. Gradually the chromatin 
diffuses through the reticulum, until at last it is distributed more or 
less evenly throughout the whole system. 

Open spireme. -“The open spireme (fig. 4) on the whole is not 
as open as it is in 0. franciscana, nor is it diffused through as large 
a portion of the nucleus. Throughout the entire stage there is 
usually a region toward the center where the threads are crowded 
together into a rather dense tangle, and the looser portions of the 
reticulum as a rule are confined to a fairly small area. The threads 
fail to show any indication of a longitudinal split or of parallelism, 
even in those nuclei which have been very much destained. The 
presence of chromomeres can generally be demonstrated. Some- 
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times they are very prominent, strung along the spireme like beads 
on a string. At other times they are more or less crowded together, 
so that their individuality is partially or entirely obscured. 

Second contraction. —As the second contraction period draws 
near, the central, more densely tangled region, which has never 
entirely disappeared, becomes more prominent, for all of the threads 
begin to contract, commencing at the center. At the same time, 
the peripheral portions of the reticulum become thrown into more 
or less clearly defined loops of varying size and appearance (figs. 5, 
6). Contraction continues for some time, and, as the threads in 
the central region become more and more swollen and closely 
packed, they gradually form a roughly spherical aggregation, so 
dense that its structure cannot longer be determined (fig. 7). At 
the same time the peripheral loops shrink in size. In some cases 
.this means a corresponding increase in the diameter of the threads 
making up the loops, but more often it seems that most of the 
material composing them flows or migrates into the more central 
portion of the reticulum, so that the loops themselves, although 
smaller, are composed of no thicker threads than they were before 
contraction began. Occasionally the loops become greatly 
narrowed, the two sides approaching one another until in some cases 
they become contiguous. As these loops radiate out from the 
central knot, it sometimes happens that a pair of them may lie 
so near to each other that af first sight one is tempted to consider 
them the separated halves of a larger loop, each half consisting of 
two parallel threads, a condition which would strongly suggest 
parasynapsis. A careful study of the way in which these structures 
are formed in the earlier stages of contraction, however, makes it 
clear that they are individual loops, the unsplit sides of which have 
approximated (fig. 6). 

Contraction continues until in many cases the loops practically 
disappear into the central knot. In a considerable proportion of 
the cells, however, the loops do not entirely disappear. One can 
find nuclei in all stages of second contraction, in which the outer 
ends of the loops can be seen protruding beyond the edge of the 
knot (fig. 7). At first the component threads are thin. Contrac¬ 
tion has not caused them to increase in diameter in many cases. 
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because their contents seem to have largely been removed toward 
the interior. After the period of maximum contraction has been 
reached, however, material begins to flow back again. The threads 
making up the loops increase in thickness, and the loops become 
more prominent as a result. 

Final prophase stages. —The compact second contraction knot 
begins to loosen as the nucleus passes into the stage generally known 
as diakinesis, and little by little resolves itself into a spireme, now 
greatly thickened, of which the loops which were usually observed 
during the contraction period constitute a part (figs. 8, 9). At 
first greatly tangled, especially toward the center, the spireme 
in a short time becomes more or less completely unfolded, revealing 
an arrangement of the chromosomes at the same time interesting 
and unusual (figs. 10-13). In the first place it will be observed 
that the spireme does not, as in most plants and animals, break 
up into pairs of homologous chromosomes which separate and 
stand apart during diakinesis, but remains intact and unbroken. 
In the second place, it can easily be seen that the chromosomes are 
arranged end to end in the spireme. They are somewhat spindle- 
shaped, thickest in the middle and tapering at the ends, and are 
usually attached only by a thin thread. Consequently they are 
clearly distinguishable and can be counted with ease, the diploid 
number always being found. There can be no question that at 
this period the spireme is univalent, consisting of only one row of 
chromosomes, which are attached end to end, or telosynaptically. 

The appearance at this time is interesting for a third reason. 
The chromosomes arc always arranged in such a way that the 
spireme is formed into a definite and characteristic figure, which is 
present in all nuclei at this stage. It will be remembered that in 
O. franciscana also the chromosomes are joined together in a very 
definite and constant manner in diakinesis. In the latter plant 
four of them are attached end to end to form a closed circle, to which 
are linked three smaller rings, each consisting of two chromosomes; 
and to two of these there is linked in turn another ring, made up 
also of two chromosomes. In O, franciscana sulfiirea the chromo¬ 
some arrangement is as definite and constant as it is in 0 . franciscana, 
but it is different, being somewhat simpler, and in some ways a 
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more striking grouping. Of the fourteen chromosomes, twelve 
are joined end to end to form a large closed circle, and to this circle 
is linked one small ring, composed of two homologous chromosomes. 
The circle of twelve is usually too large to be accommodated in the 
nucleus without a certain amount of twisting and turning, but 
there is not the slightest difficulty in most cases in following along 
the chain from a given point back to the same point again, and in 
determining that the number of chromosomes making up the circle 
is twelve. The individual chromosomes at this time are rather 
large, and usually stand apar'. distinctly. Their surfaces are 
uneven and soft looking, and one gets the impression that probably 
they are quite spongy in texture. 

It is generally necessary to have the whole nucleus in order to 
see the ring in an unbroken and complete condition, and when 
sections are cut at 8-10 /x there will not be a very large proportion 
of entire nuclei. Practically every whole nucleus examined at 
this stage, however, has shown the unbroken circle clearly, and 
thirty-seven very clear cases have been recorded. In addition, a 
large number of incomplete nuclei show from eight to ten chromo¬ 
somes in a string, with the separate ring often appearing, so there 
can be no doubt that a circle of twelve chromosomes, plus another 
pair, constitute the normal arrangement at this time. 

The end to end arrangement of so many chromosomes confirms 
very strikingly the conclusion that telosynapsis is present here. 
Were there but six or seven chromosomes at the most so attached, 
we might conclude that in the earlier prophase stages the chromo¬ 
somes had formed a bivalent spireme, the halves of which had 
subsequently separated. When we find twelve of the fourteen 
chromosomes placed end to end, however, it can hardly be doubted 
that the spireme has been univalent from its beginning, and has 
failed to segment transversely into its bivalent components. 

The constantly uniform placing of the chromosomes also tends 
to emphasize the suggestion previously made (i) that the chromo¬ 
somes may be distributed in earlier stages of the heterotypic 
prophase, and perhaps even in somatic nuclei, according to a definite 
system, and not merely in a chance manner. We now have two 
plants which just previous to the heterotypic metaphase show an 
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arrangement of chromosomes characteristic and uniform for the 
form, which may point toward a more perfect orderliness and greater 
uniformity in nuclear structure than has hitherto been realized. 

The nucleolus behaves during this period exactly as did that of 
0 . franciscana. It is found plastered up against the nuclear 
membrane, where it gradually melts away and disappears. The 
little endonucleolus is also present. Tliis arrangement of chromo¬ 
somes persists throughout the entire period. The twelve chromo¬ 
somes making up the large ring remain attached. The small ring, 
however, may separate from the large one and lie independently 
in the nucleus (figs. 11, 12). During the latter part of this stage, 
spindle fibers begin to appear, closely investing the nuclear mem¬ 
brane, and when the latter melts away, they penetrate rapidly 
into the region of the nucleus. Meanwhile the chromosomes 
shrink greatly, until they arc scarcely one-fourth the size previously 
presented (figs. 14, 15). 


Heterotypic met.\piiase 

At first the spindle is multipolar, but soon it becomes bipolar. 
Enmeshed in the maze of spindle fibers are the chromosomes, still 
attached to one anoth(T, and lying in an irregularly tortuous 
cluster (fig. 15). The bivalent pair, if it has not already separated 
from the circle of twelve, does so some time during this period. 

In view of the fact that the chromosomes are still joined together, 
and the bivalent pairs do not act separately as independent units, 
we should not expect to find in this plant that regularity of chromo¬ 
some position in metaphase, and separation in anaphase, so charac¬ 
teristic of 0 . franciscanaj in common with most plants and animals. 
It is surprising, therefore, to what degree normal distribution of 
the chromosomes to the poles is found in spite of what we should 
suppose would be handicaps to such behavior. The chromosome 
chain lies irregularly contorted and twisted in the midst of the 
spindle fibers. We should expect the chromosomes to become 
attached to whatever fibers approach them most nearly, irrespective 
of from what pole these might emanate. Even if the chain were not 
so twisted, but lay horizontally across the cell, so that the chromo¬ 
somes were all equidistant from the two poles, it is not easy to see 
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what would prevent such a chance attachment. When chromo¬ 
somes, instead of all being joined together, are paired in diakinesis, 
as they are in most organisms, it is natural that the members of a 
pair should become attached to the fibers leading to different poles, 
for in practically every case one chromosome lies nearer one pole, 
and the other nearer the other pole. There is every reason to 
suppose, however, that it makes no difference which chromosome of 
a pair is nearer a given pole; the position of the two chromosomes 
of a pair, with reference to the poles, is regulated entirely by chance. 
If, then, in the cells of typical plants, chance determines which 
chromosomes of a bivalent pair shall become attached to fibers 
going to a certain pole, there is little reason to believe that the 
situation in 0 . franciscana sulfurea is different. In this plant also 
it seems to be entirely a matter of chance which pole a given chromo¬ 
some is nearest, as it lies attached to its neighbors in the winding 
twisted chain, and we should expect, therefore, an entirely unregu¬ 
lated attachment to the fibers, and distribution to the poles. 

It is surprising to find, therefore, that this process takes place in 
a markedly regular manner. In most nuclei the chromosomes in 
the circle of twelve alternate in their attachment (figs. i6, i8). 
Fibers from one pole will become attached to the first, third, fifth, 
etc., chromosome of the chain, and those from the other pole to 
the second, fourth, sixth, etc. They are usually fastened to the 
middle of the chromosome. When the fibers begin to contract, 
the equal pull from the two poles brings the circle of twelve into a 
horizontal position across the cell. The chromosomes, still attached 
to one another at their ends, but pulled in opposite directions by 
the fibers fastened to their mid-regions, become F-shaped, so that 
the chain as a whole takes on a regular zigzag appearance. Mean¬ 
while the independent bivalent pair of chromosomes acts in a 
perfectly normal manner. 

The chromosomes continue their attachment throughout 
metaphase. The spindle fibers appear to exert a pull upon the 
chromosomes, and they are stretched farther and farther apart 
(fig. i8). Their ends grow more and more attenuated, until at 
last they can stand the strain no longer, and snap. The chromo¬ 
somes are thus set free and quickly pass to the poles. It is not 
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until anaphase, therefore, that the circle of twelve chromosomes is 
finally brolcen up. 

While in general the chromosomes are distributed equally and 
regularly to the poles, in some cases the distribution is unequal 
(figs. 17, 20). Occasionally a chromosome will become attached 
to fibers from the wrong pole, so that two adjacent chromosomes 
are pulled in the same direction. This results in eight chromosomes 
going to one pole and six to the other. I have tried to estimate 
the proportion of cases in which the chromosomes are thus unequally 
distributed, by studying the cells during late interkinasis (figs. 
22, 23). At this stage the chromosomes stand apart clearly, and 
it is possible to tell accurately in a large majority of cells whether 
seven went into each daughter nucleus, or some other number. 
At this stage 623 cells were complete enough to be certain of the 
chromosome number. Of these, no cell was found in which the 
number going to one pole exceeded eight. On the various slides 
studied, the proportion of cells in which the chromosomes had been 
irregularly distributed, eight going to one pole and six to the other, 
ranged from 11 to 30 per cent. The average for all the cells counted 
was 16 per cent. This probably represents fairly accurately the 
average percentage of irregular distribution in this plant, a strikingly 
small percentage when one considers the way in which the chromo¬ 
somes are united during metaphase. 

Anaphase to interkinesis 

Once separated, the chromosomes pass rapidly to the poles. 
In most cases they are in the form of short, fat T's, but as yet show 
no signs of a longitudinal split (fig. 19). At the poles they are 
grouped closely together (fig, 21), and are soon inclosed by a nuclear 
membrane. A central chromosome is usually found, surrounded 
by six peripheral ones, although this arrangement is upset when 
six or eight are present instead of seven. From now on the pollen 
mother cells are developed, and the pollen grains are formed, much 
as in O.franciscana. As the daughter nuclei grow, the chromosomes 
form slight attachments to one another. They become irregular 
in outline, but their identity is rarely lost. Occasionally there are 
signs in early interkinesis of the split in the chromosomes prepara- 
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tory to the homoeotypic division, but as a rule this does not appear 
until later, when the chromosomes have lost all contact with one 
another. The fact that the split has taken place finally becomes 
evident when the two grand-daughter chromosomes separate along 
most of their length, and remaining in contact only at the middle, 
twist around in such a way as to form a maltese cross (figs. 22, 23). 
Nucleoli are developed de novo in contact with the chromosomes, 
but do not reach a large size. In all respects, therefore, interkinesis 
in this plant is like that in 0 . franciscana. 

Homoeotypic mitosis 

No wall is formed between the daughter nuclei. As the time 
for the homoeotypic metaphase approaches they begin to shrink, 
and spindle fibers make their appearance. The two nuclear 
membranes disappear simultaneously, and the chromosomes are 
enmeshed in multipolar spindles, which soon become bipolar. 
By this time the chromosomes have lost their .Y shape, the two 
halves of each having condensed into a pair of small, almost spherical 
bodies, which lie more or less closely appressed (fig. 24). The 
homoeotypic metaphasc differs markedly from the heterotypic 
because of the rounded rather than V shape of the chromosomes, 
and by the fact that these are in pairs, which are not connected 
with one another. The two metaphase figures lie in opposite 
sides of the cell, sometimes in one plane, but often at right angles 
to each other, or at least in different planes (figs. 25, 26). 

The grand-daughter nuclei are constituted as were the daughter 
nuclei, the six, seven, or eight chromosomes being very close 
together at first, but separating as the nucleus grows. The nucleus 
passes rapidly into a resting condition, the process being similar 
to that already described for 0 . franciscana. The chromosomes do 
not split, but send out delicate strands which meet and fuse, forming 
an open network upon which is distributed in irregular fashion 
some of the chromatin. When the resting condition is finally 
attained, the chromosomes have so amalgamated that their indi¬ 
viduality is completely lost (Cleland i, figs. 36-38). 

The four nuclei lie equidistant from one another in the cell. 
The more or less prominent sets of spindle fibers developing between 
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them in 0 . franciscana have not been noticed in this plant. The 
walls separating the spores are not developed until the nuclei are 
completely at rest; then they are formed after the manner described 
for 0 , franciscana. All of the walls arc formed at the same time. 
The first trace of their appearance consists in delicate cleavage 
lines, appearing at the periphery of the protoplast midway between 
the nuclei. 'J'hese run quickly into the interior, meet, and soon 
grow into much wdder walls. The process is proba])ly very rapid, 
as early stages seem to be rare. The wall thickens much more 
rapidly toward the outside than farther in, so that the protoplasts are 
separated more widely at the exterior. No cell plates have been 
found, and it seems quite certain that the walls arc formed by very 
rapid furrowing, which proceeds from without inward. 

Discussion 

In some respects the cytological development of the pollen 
grains of O. franciscana sulfnrea bears a strong resemblance to that 
in O. franciscana (Cleland i), to which it is closely related, empha¬ 
sizing the suggestions and confirming the conclusions drawn from 
a study of the latter. In certain particulars, however, the two 
plants show differences in development which are of interest and 
imporUince. 

Cytological 

From the cytological standpoint, the situation in 0 . franciscana 
was of interest principally for two reasons: (t) it presented a clear 
case of telosynapsis; (2) the chromosomes in diakinesis showed 
a constant and definite arrangement, which was both striking in 
appearance and suggestive of a higher degree of order in the nucleus 
than has perhaps generally been imagined. Both of these points 
are dearly emphasized in 0, franciscana sulfurea also. 

Telosynapsis. —If anything, O. fraftciscana sulfurea shows 
telosynapsis even more clearly than does 0 . franciscana. In early 
heterotypic stages, both plants are alike in displaying very little 
that could be used as evidence for the synaptic pairing of two 
univalent spiremes to form a bivalent one, or for that matter, for 
the presence of a longitudinal split in a univalent spireme. This is 
true of pre-synizetic stages as well as of all subsequent ones. In 
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addition to negative evidence of this sort, there is positive proof 
that chromosomes are placed end to end in a univalent thread 
system. The unsplit spireme of the ‘'open spireme” stage forms 
itself into loops. These loops can be observed in all stages of second 
contraction, and when the unfolding process occurs, it can be seen 
that from them the chromosomes have been formed without any 
splitting having occurred. The chromosomes are but segments 
of the whole spireme, therefore, and must have been placed end 
to end during the spireme stages. 

O. franciscana sulfurea also furnishes convincing evidence of 
the presence of telosynapsis in the way the chromosomes are ar¬ 
ranged after this unfolding takes place. At this stage, twelve of 
the fourteen chromosomes are found to be attached end to end in 
all nuclei, and form a large closed circle. Such a condition makes it 
diflScult to accept any interpretation other than the telosynaptic one. 

Chromosome arrangement. —An arrangement of the chromo¬ 
somes in diakinesis into a definite figure, such as was seen in 0. 
franciscana^ is interesting. It becomes doubly so when we learn 
that a nearly related plant also shows a definite chromosome 
grouping, especially when it appears that the grouping in this plant 
is a different one from that seen in 0. franciscana^ namely, twelve 
chromosomes arranged in a closed circle, to which is linked a ring 
consisting of two chromosomes. It emphasizes the suggestion 
made (i) that perhaps this 'definite arrangement may be carried 
back into much earlier stages of the heterotypic prophase, or even 
into pre-existing cells. In most plants and animals, it is not 
possible to obtain any evidence regarding chromosome arrangement 
in this way, since in diakinesis the bivalent chromosomes entirely 
separate from one another. Thanks to the tendency of the chromo¬ 
somes to cling together in the species of Oenothera^ we are enabled 
to get what may be a hint regarding nuclear construction in a 
much wider range of forms. It may be that even the position that 
chromosomes assume with reference to one another in the nucleus 
may be determined according to fixed rules. 

It may be objected that the arrangement here seen represents 
nothing more than the inability of all but two of the chromosomes 
to pair, which results in the remaining ones retaining their attach- 
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ment, and forming a spireme. The uniform presence of the circle of 
twelve chromosomes, however, strongly suggests an orderly arrange¬ 
ment of the chromosomes among themselves. Furthermore, 
although all of the chromosomes of the circle look alike, and one 
cannot be distinguished from another, there is reason to believe 
that the chromosomes are not scattered promiscuously in the 
spireme, but are definitely arranged. In the first place, attach¬ 
ment, or at least close approximation of the homologous chromo¬ 
somes, is the usual condition during diakinesis in plants and animals, 
whether they have been brought into this relationship telosynapti- 
cally or parasynaptically; and we should naturally expect to find 
in this plant that even though the chromosomes still maintain their 
position in the spireme, they nevertheless are so arranged that the 
homologous ones are closely associated. Such a conclusion is also 
supported by the following considerations. 

One can permute the total number of ways in which twelve 
chromosomes in a circle can be arranged; and, bearing in mind that 
adjacent chromosomes generally pass to opposite poles in this plant, 
it is also possible to determine the number of ways in which they 
can be so arranged that the members of the six pairs will in all 
cases separate and go to opposite poles. Such a result will be 
obtained only when homologous chromosomes are adjacent, or are 
separated from one another by intervals of two or four places. 
For instance, if chromosome a occupies position no. i, its homologue 
must be in positions no. 2, 4, 6, 8, 10, or 12 in order to be carried 
to the opposite pole. The result of such computation shows that 
the ratio of the total number of possible arrangements to those in 
which the homologous chromosomes are so placed that all of them 
will separate in the reduction division is 462 : i.' If, therefore, 
the chromosomes are scattered at random in the circle of twelve, 
on the average only one cell in 463 will experience an entirely 
normal reduction division. What is in effect a form of non¬ 
disjunction will occur in the other 462 cases, for both members of at 
least one pair will go to the same pole. In view of the fact that 


* The twelve chromosomes, acting as units, can be arranged in ways. They 
can be arranged so that the members of all of the six pairs separate m —-— ways. 
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about 50 per cent of the pollen grains in this plant are apparently 
functional, that the percentage of seed fertility is high, and that the 
resulting plants are probably in general fairly uniform, it certainly 
does not seem probable that the proportion of typical reduction 
divisions is so infinitesimal. We conclude, therefore, that the 
chromosomes are arranged in a definite way. The simplest arrange¬ 
ment, and the one most to be expected from our knowledge of 
reduction divisions in general, is that in which the homologous 
chromosomes lie side by side; and I am inclined to believe that such 
is the chromosome arrangement in 0 . franciscana sulfurea. 

Genetical 

0. franciscana sulfurea differs from 0. franciscana in being of 
known hybrid origin. It appeared in the Fa generation of the cross 
O. biennis X franciscana. The F, generation resulting from this 
cross was strongly patroclinous, and when selfed gave in the Fa a 
culture which in general tended to resemble the Fi. One plant 
appeared, however, which had cream-yellow white”) flowers, 
the first 0 . franciscana sulfurea. Tliis plant has been carried 
on in selfed line for four generations. It has bred true in respect 
to the color of its flowers, but beyond this it is not possible to say 
much regarding the nature of the plant from the standpoint of 
breeding. It undoubtedly exhibits a considerable amount of 
variation, but the cultures thus far have been so small that a study 
of this variation has not been possible. There are no breeding 
data available as yet, therefore, which will answer the question 
as to whether the strain is pure or hybrid in nature. Regarding 
the fertility of its pollen, only one test has been made, two plants , 
being examined in 1917. These showed about 50 per cent of 
abortive pollen grains, which would admit of the possible destruction 
of large classes of gametes, and the consequent maintenance of 
uniform cultures in what is really a hybrid stock. On the other 
hand, the percentage of seed germination is high, so that while 
0 . franciscana fulfils closely the tests of a pure species, the situation 
in 0. franciscana sulfurea must be regarded as less certain, since 
its origin and the high percentage of pollen abortion both suggest 
a possible heterozygosity. 
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From the genetical standpoint, the chief interest in the cytologi- 
cal work on 0 . franciscana lay in the fact that it showed a perfect 
regularity of chromosome pairing in diakinesis and the heterotypic 
metaphase, a situation unusual in species of Oenothera. This fact, 
added to the other evidence, points to the probability that 0 . 
franciscana B, at least to a large degree, is a genetically pure race. 

It is interesting to find that 0 . franciscana sulfurea^ although 
resembling 0. franciscana closely in most vegetative characters, 
differs markedly from it in this feature, displaying an almost 
entire absence of chromosome pairing during diakinesis. One 
pair only is formed; the other twelve chromosomes are strung 
together end to end, and form a large closed circle, which lasts 
until the end of metaphase. The failure to pair is not characteristic 
of 0 . franciscana, or of other stable species of plants, but is found 
in most of the unstable si)ecies of Oenothera, and is also characteristic 
of interspecific hybrids in general. 

If we compare figs. 10-13 with the figures presented by Gates 
(6) for 0 . rubrinervis, and by D.avis (2) for 0 . biennis (an American 
strain), Lamarckiana, and O. gigas (3), a striking resemblance will 
be noted. The chromosomes in these plants for the most part are 
joined together end to end throughout the stage generally known 
as diakinesis, in a manner much like that seen in 0. franciscana 
sulftirea, the failure to show definite pairing being in general charac¬ 
teristic of them. 0 , franciscana sulfurea belongs with these plants, 
therefore, rather than with O. franciscana, in respect to this impor¬ 
tant cytological i)eculiarity, the failure of homologous chromosomes 
to pair in diakinesis. 

The regularity of chromosome pairing in O. franciscana probably 
indicates that this p>lant is largely homozygous in nature. In 
marked contrast with this situation is the irregularity of 0. fran¬ 
ciscana sulfurea, a condition which may be the result of incom¬ 
patibility on the part of homologous chromosomes, which would 
therefore mean that the plant is largely heterozygous. The 
cytology of other forms not included in the Lamarckiana series 
should be studied, however, and especially of 0 . biennis, one of the 
ancestral forms of this plant, before this position is definitely 
assumed as a hypothesis. While the failure of chromosomes to pair 
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may be said to suggest the possibility of hybridity, therefore, I do 
not believe that the point is in any sense proved as yet. 

Summary 

1. 0 . franciscana sulfurea is an evening primrose with cream- 
yellow flowers, which appeared first in 1914, in the generation of 
the cross 0 . biennisXO. franciscana B. It has been grown for 
four seasons in small cultures, and has bred entirely true for the 
color of its flowers. Except for this characteristic, it resembles 
0. franciscana fairly closely, 

2. Archesporial nuclei possess a delicate and copious reticulum 
of distinct threads, irregularly roughened and thickened with 
chromatin aggregations, but displaying no parallelism. The 
identity of the individual chromosomes is entirely lost. 

3. The approach of the heterotypic prophase is indicated by 
an increasing irregularity in the diameter of the threads and of the 
meshes. This process appears to be the result of the passage of 
material composing certain threads into others, causing the gradual 
disappearance of some and the augmentation of others. The 
threads remain persistently single, only occasional instances of 
parallelism being found, to which no far reaching significance can 
be attached. 

4. During synizesis, this process continues until the number of 
threads and meshes has become decreased, and the remaining 
threads are much thicker than before. The synizetic knot is 
usually found pressed against the nuclear membrane on the side 
which is nearest the periphery of the cell. Its position, therefore, 
seems to be due to the influence of the fixing fluid, which suggests 
that the synizetic contraction itself is a result of the same cause. 

5. Up to this point, the development of the pollen mother cells 
has paralleled exactly that seen in 0 , franciscana. From now on, 
however, differences begin to appear, some of which are striking. 

6. As the nucleus passes into the “open spireme” stage, the 
synizetic knot gradually assumes a central position, and begins to 
loosen. The nucleolus remains plastered against the nuclear mem¬ 
brane. It is filled with an intensely staining substance, probably 
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chromatin. This material passes into the reticulum by way of 
one or two prominent threads, which attach the nucleolus to the 
spireme, and is gradually spread somewhat evenly over the threads 
as they form the open spireme. The emptying of the nucleolus 
exposes an intensely staining little endonucleolus. 

7. The spireme does not become so evenly distributed through 
the nucleus as it docs in 0 . franciscana. The central portion of the 
reticulum remains somewhat densely tangled throughout the whole 
of the open spireme stage. There is no indication whatever of 
parallel threads, or of a longitudinal split in the spireme at this 
stage. Chromomcres are clearly present in many cases. 

8. The reticulum begins to contract in the center, at the close 
of the open spireme stage. The peripheral parts are thrown into 
prominent loops. Condensation may go on to the point where in 
second contraction nothing appears in the nucleus but an irregularly 
rounded chromatin mass. More generally, however, the loops do 
not contract sufficiently to entirely disa[)pcar into the central 
region, and their identity can be traced throughout the whole 
period. 

9. When the second contraction knot unfolds, it can be seen 
that these loops are a part of a long chain of chromosomes, which 
are attached end to end. When completely unfolded, the fourteen 
chromosomes are found to be arranged into a closed circle, consisting 
of twelve chromosomes, placed end to end; and the remaining two 
form a pair which at first is linked around the larger chain, but later 
becomes separated. This arrangement is found in all pollen mother 
cells at this stage. The nucleolus gradually melts away during 
this period. 

10. The circle of twelve chromosomes is still unbroken upon the 
disappearance of the nuclear membrane. A multipolar spindle is 
formed, becoming bipolar. The circle of twelve is brought to the 
equatorial plate and the chromosomes are so arranged that alternate 
chromosomes go to the same pole. The remaining pair of chromo¬ 
somes behaves in the usual manner. 

11. The circle of twelve does not break up until early anaphase. 
Chromosomes are generally distributed equally. In a varying 
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percentage of cases (averaging i6 per cent) the arrangement of 
chromosomes in the circle of twelve is upset in metaphase, resulting 
in six chromosomes going to one pole and eight to the other. 

12. Daughter nuclei are reconstituted after the manner described 
for 0. franciscana (i), and the subsequent development almost 
exactly parallels that found in the latter plant. The chromosomes 
retain their individuality throughout interkinesis. Late in this 
period a longitudinal split appears, and the two halves of the chromo¬ 
somes swing apart at right angles, so that each chromosome 
resembles a maltese cross. 

13. The two daughter nuclei pass through the homoeotypic 
mitosis simultaneously, and are separated into individual cells at 
the same time. Walls are formed by rapid furrowing, which takes 
place from without inward. No cell plates are formed. 

14. Nuclei with six or eight chromosomes, instead of the usual 
seven, develop nonnally as far as they can be traced. 

15. The chromosomes seem to be arranged telosynaptically 
in this plant. 

16. The constant grouping of the chromosomes in late prophasc 
into two groups of twelve and two, as well as the generally normal 
distribution in the first anaphase, suggests the possibility that 
chromosomes have definite positions with reference to one another 
in nuclei, and are not scattered promiscuously, and without order. 

17. The failure of all but one pair of homologous chromosomes to 
actually pair in diakinesis suggests the possibility that 0 , franciscana 
sulfurea is to a large extent heterozygous. 

In conclusion, I wish to express my thanks to Professor B. M. 
Davis, for allowing me to collect from his cultures the material 
upon which this paper is based, and for furnishing the data regarding 
the history of 0 . franciscana sulfurea, as well as for his continued 
interest in the work. I am also indebted to the Marine Biological 
Laboratory, at Woods Hole, Massachusetts, for supplying me with 
facilities for carrying on the work during the summer of 1922. 

Goucher College 

Baltimore, Md. 
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EXPLANATION OF PLATES XIV, XV 

All figures were drawn with the aid of a camera lucida, using a Spencer 
compound binocular microscope, and a Bausch and Lomb 1-12 apochromatic 
objective with 25X compensating ocular. They have been reduced one- 
fourth in reproduction; present magnification approximately 2800 diameters. 

PLATE A7P 

Fig. I.— ^I..ate synizesis: chromatin material beginning to pass from the 
nucleolus into reticulum; latter much denser than here represented, the 
drawing being confined as nearly as possible to one level. 

Fig. 2.— Slightly later stage. 

Fig. 3.—Emptying of nucleolus and passage of material into spireme. 

Fig. 4.—“Open spireme’^ stage. 

Fig. 5.—Early second contraction, which begins at center, and peripheral 
portion thrown into loops; central region may not be as formless and solid as 
drawing indicates. 

Fig. 6.— ^Later stage; narrow loops. 

Fig. 7.—Second contraction about time of maximum contraction; endo- 
nucleolus shows clearly. 

Fig. 8. —Second contraction knot begins to unfold. 

Fig. 9. —Later stage, showing chromosomes arranged tclosynaptically 
into spireme. 

Figs. 10-13.—Spireme completely unfolded, showing arrangement of 
chromosomes, twelve of them forming large closed circle, and other two a 
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small ring; in figs, jo and 13, ring still linked to larger group; in figs, ii and 12 
it has become detached; nucleolus shown in process of melting away in figs. 
ii-*i3- 

Figs. 14, 15.—Multipolar spindle; chromosomes still attached. 

PLATE XY 

Fig. 16.—^Typical heterotypic metaphase, showing only the group of 
twelve chromosomes, still attached, and arranged in regular zigzag fashion, 
alternate chromosomes headed for same pole. 

Fig. 17.—^An atypical heterotypic metaphase, showing irregularity in zigzag 
arrangement, which may result in six chromosomes going to one pole and eight 
to other. 

Fig. i8.~-Early anaphase, chromosomes widely separated, but still 
clinging together; all chromosomes shown, and arrangement regular. 

Fig. 19.—^Late anaphase, polar view; plates a and h from same cell, 
showing unequal distribution. 

Fig. 20.—Part of spireme in heterot3q)ic metaphasc, showing irregularity 
in zigzag arrangement. 

Fig. 21.—First telophase, just before formation of nuclear membrane. 

Figs. 22, 23.—Late interkinesis, showing split chromosomes, and formation 
of new nucleoli; one nucleus shows seven, the other eight chromosomes; the 
two figures from different cells. 

Fig. 24.—^Homoeotypic metaphase. 

P'lGS. 25, 26.—^Homoeotypic anaphase: fig. 25 shows eight chromosomes 
in one figure and six in other; fig. 26 shows seven chromosomes in each. 
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STUDIES ON THERMOPHILIC BACTERIA 

Lethe E. Morrison with Fred W. Tanner 

A new interest in thermophilic bacteria has rapidly developed 
since the investigations of Baklow (2), Weinzirl (35), Cheyney 
(9), Done (12), and Bigelow and Esty (4) have shown their 
significance in the spoilage of canned foods. The wide distribution 
of these organisms in nature is shown by the various publications 
reporting them in water, sewage, snow, cannc^d foods, cotton, hay, 
manure, soil, etc. Infection of canned foods probably results from 
the raw materials and water used in the piacking process. 

History 

In a previous paper by Morrison and Tanner (21) a review of 
the literature dealing with these microorganisms was presented. 
Since the experimental work reported in the present paper was 
concerned principally with the thermal relations and thermal death 
points, table I was prepared to show these relations for the thermo- 
philes which have been described by various investigators. 

Experimentation 

Sources of cultures. —Cultures 53- 87 inclusive, used in this 
investigation, were isolated from samples of soils, and hog and cow 
feces. The samples of soils were collected from fields which had 
received different treatments. All of the specimens of soil examined 
contained thermophilic bacteria. Cultures 1-52 inclusive were 
isolated from water. Cultures 88 and 89 were isolated from “Ever 
Fresh Milk/^ a commercial bottled milk. 

METHODS.™Inoculations into different media were made either 
from 24-hour agar slant cultures or broth cultures. The Descrip¬ 
tive Chart of the Society of American Bacteriologists was used for 
recording the salient characteristics, and the index number deter¬ 
mined under as uniform conditions as possible. Pathogenicity 
studies were not carried out with all of the strains. One which was 
used showed no pathogenic properties when inoculated into guinea 
pigs. This place in the index number was filled in with zero. 

17x1 [Botanical Gazette, vol. 77 
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Media and technique. —With one or two exceptions, the media 
used in this study were those recommended by the Committee on 
the Descriptive Chart (Conn io). All media were tested for 
sterility by incubation at 55° Q, for 12-24 hours before use. All of 
the cultures were grown at 55° Due to rapidity of growth it was 
unnecessary to incubate test cultures longer than 4 days, except 
in the case of milk cultures, which were incubated for 7-10 days. 
Two per cent agar was used because it was found to be more suitable 
for work at 55® than the standard agar. The latter dried out very 
quickly, becoming unsuitable for growth of bacteria. Broth was 
found to be a useful medium for the propagation of cultures, since 
evaporation caused less serious changes in the medium. 

Microscopic FEATURES.—The microscopic features were deter¬ 
mined from carbol fuchsin and Gram stains. For staining flagella, 
the recent method described by Plimmer and Paine (26) was used 
with a few slight modifications; it gave very satisfactory results. 
Agar slant cultures 8-12 hours old were used to furnish the young 
cells required for flagella staining. Some of the growth was removed 
and put into tubes containing sterile water which had been held at a 
temperature of 55° C, These water su.spensions were kept at 55® 
for 30-60 minutes; two or three drops were then placed on slides 
that had been prepared carefully according to the instructions of 
Plimmer and Paine, and held at 55° for 15-60 minutes. The 
motility was not disturbed by this treatment, and the flagella were 
more easily demonstrated by staining. These smears were allowed 
to dry at 55° over night before fixation and staining. 

Miscellaneous biochemical reactions. -As stated, not all 
of the cultures were used for pathogenicity studies. The one culture 
which was tested was cultured for 18 hours on fresh rabbit’s blood 
agar slant, from which the growth was removed and suspended in 
sterile salt solution before injection. Guinea pigs were given injec¬ 
tions of this suspension intravenously and intraperitoneally. No 
pathogenic action was found. Bruini (6 ) seems to be the only 
investigator who has attributed pathogenic action to a thermo¬ 
philic bacterium. 

For the determination of gelatin liquefaction the provisional 
method of the Committee on Bacteriological I’echnic of the Society 




1924] 


MORRISON & TANNER—BACTERIA 


175 


of American Bacteriologists was used. It is designed to distinguish 
‘‘true liquefiers” (organisms producing ecto-enzymes) from bacteria 
that produce endo-enzymes that are released from the cell after 
death and cause liquefaction of the gelatin after incubation of the 
gelatin after long incubation periods. The cultures were given a 
preliminary incubation for 24-48 hours in a i per cent solution of 
gelatin at 55® C. After culturing in this gelatin solution, the 
surfaces of gelatin tubes were inoculated by transferring a drop of 
the medium. After the incubation period the tubes were cooled to 
determine whether the gelatin has suffered proteolysis. According 
to this method all of the cultures except nos. 78, 83, and 84 were 
found to be gelatin liquefiers. To detennine the production of 
nitrites and gas in nitrate media, both nitrate broth and nitrate 
agar slants were used. 

Carbohydrate REACTiONS.—With certain unimportant modi¬ 
fications, the method of Baker (i) was used for determining the 
p)roduction of acid and gas for dextrose, lactose, and sucrose. 
Brom thymol blue was added to these carbohydrate broths before 
the media were tubed and sterilized. The addition of 15 cc. of 
0.04 p)er cent alcoholic solution of this indicator to a liter of the 
carbohydrate broth seemed to be about the right concentration of 
indicator for the detection of acid formation without inhibiting 
growih. For the determination of diasta.sic action starch agar 
plates were used. Dot inoculations were made in the center of 
the palate instead of the usual streaks. 

Other characteristics.- -Tests for indol were made in nutrient 
broth and in Dunham’s peptone solution. Both the nitrosoindol 
and Ehrlich’s tests were used. Ehrlich’s reagent was prepared 
according to the method described by Norton and Sawyer (23). 
This test gave more satisfactory results when the tubes were heated 
slightly. All cultures except no. 81 produced indol. 

■ For the determination of the production of hydrogen sulphide, 
nutrient broth made with Witters peptone, over which a strip of 
lead acetate paper was suspended by means of the cotton pfiug, 
was used. The blackening of the paper indicated hydrogen sulphide 
formation. Streak cultures on “BactoLead Acetate Agar’' plates 
were also used. All but cultures nos. 83 and 84 formed hydrogen 
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sulphide. Litmus milk and sterile milk to which brom cresol purple 
had been added were used to determine the reactions of the thermo- 
philes in milk. These milk cultures were incubated 7-10 days. 
Most of the cultures grew well in milk; only two (nos. 54 and 59) 
produced no apparent change in the milk. Cultures nos. 83 and 
84 produced alkali with no other apparent change. The majority 
of the rest of the cultures showed coagulation and peptonization 
with an alkaline reaction, some of them having shown a slight 
preliminary acidity. A few cultures showed slight acidity in milk 
and a few showed distinct acidity with coagulation, but no diges¬ 
tion of the casein. 

TABLE II 


Class 

B 

Culture numbers 

Numbers of 
cultures in 
each class 

I. 

5111-01120-1232 

1, 2,4, 6, 9, 10, 13-20, 
24,26, 28, 31-41, 43- 
52,55, 86,88 

41 

II. 

52II-OII20-I232 

3, 5, 7, 8, 11, 12, 21- 
23, 27, 30 

11 

Ill. 

52TI-OII20-I233 

25 

I 

IV. 

5121-01120-1233 

29 

I 

V. 

5111-02120-1232 

53 , 54 , 57 , 59 - 77 , 79 , 
82, 87, 89 

26 

VI. 

5III-02I30-2333 

58 

I 

VII. 

5111-02220-1232 

78 

I 

Vlfl. 

5111-01130-2333 

80 

I 

IX. 

5212-01130-2333 

81 

I 

X. 

5III-02230-I222 

83 

I 

XI. 

5111-02230-2225 

84 

I 

XII. 

5I2I-02I20-I232 

85 

I 


Index numbers. —The index numbers determined for these 
strains are shown in table II, where they are grouped into classes. 
There seemed to be no correlation between the index number and 
the source of the strains. The organisms in class I differed from 
those in class II only in the location of the spore. Those in class I 
had central spores and those in class II had polar spores. Location 
of the spores is probably a character of minor importance in classi¬ 
fication and analysis of bacterial groups. Consequently, the bac¬ 
teria in I and II may be regarded as belonging to the same class 
when spore formation, disregarding the location, is considered. 
Bushnell (8) has called attention to the difficulties arising when 
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only one characteristic is considered, such as location of the spore 
in the rod. The two classes (I and II) are left separated in this 
summary, since the separation is called for on the latest Descriptive 
Chart and because some of the recent reports on anaerobic spore 
formers indicate this to be a fairly constant characteristic. Hall 
(15) stated that three distinct groups of anaerobic spore formers 
could be differentiated on location of the spore: (I) bacteria with 
central spores which do not swell the rods; (II) sub terminal or 
clostridial spores; and (III) terminal or plectridial spores (a, round 
spores; ft, elongated spores). 

Combining classes I and II, a total of 53 strains is included, 
'rhis combined class is separated from class V on the basis of rela¬ 
tion to combined oxygen. The strains in I and II showed no growth 
in the closed ami of the femientation tube in the presence of dex¬ 
trose. Those in class V showed growth under such conditions. 
The other classes (III, IV, VI, VII, VIII, IX, X, XI, XII) contain 
only one strain each, these being separated from the other larger 
groups on the basis of characteristics of minor importance in system¬ 
atic studies, such as action on starch, location of flagella, etc. This 
comjiarison seems to indicate that the thermophilic bacteria have 
all of the im[)ortant characteristics in common. 

d'niCKMAL RELATIONS. —Of the 89 cultures discussed in this 
investigation, i8 were chosen for intensive study of temperature 
relations and thennal death point detenninations. The choice 
of these i8 cultures was made to include organisms from as many 
sources as j)ossible. I'hese cultures were grown on agar slants, in 
gelatin tubes, and on agar plates, at the live different temperatures 
available for incubation in these laboratories. The agar slants, 
5 for each culture, were inoculated by means of a small wire loop 
from a 24-hour broth culture of the organism to be tested, and these 
agar slants incubated simultaneously at the five given temperatures. 
The gelatin was inoculated by placing a loopful of 24-hour gelatin 
solution culture on the surface of gelatin in lubes. Five tubes 
were prepared for each organism, and these tubes incubated at 
the five given temperatures. Large Petri dishes were used for the 
agar plate cultures, dot inoculations being made in the center of 
the plate on the surface of the hardened Agar* A small wire loop 
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was used to make these inoculations from 24-hour broth cultures 
of the organisms. 

All of these media were incubated at the five given temperatures 
for 24 hours in order to have a definite period of incubation; a 24- 
hour incubation period was used because the agar streak cultures 
and plate cultures seemed to reach their maximum growth within 
such a period. The comparative amount of growth attained in 

TABLE Iir* 


Growth of tiiermophiles on three different media at 
FIVE temperatures (C.) 



gelatin and on agar slants at the different temperatures was judged 
as carefully and as accurately as possible with the naked eye; the 
diameter in millimeters of the giant colonies produced on the agar 
plates at these same temperatures was measured. 

The data secured are given in table III. 

With a few modifications, the method proposed by Bigelow 
and Esty (4) for the determination of thermal death points of 
typical thermophilic organisms was followed. Nutrient agar slants 
were inpculated with pure cultures of the organism to be tested, 






















1924] MORRISON 6* TANNER--BACTERJA 179 

and grown at 55° for 48 hours. The growth from two agar slants 
of each culture was brought into suspension by pouring 10 cc. of 
sterile nutrient broth on to the slants and emulsifying. These 
suspensions were then transferred to flasks containing 100 cc. of 
sterile broth and incubated for 7 days at 55° C. At the end of the 
incubation period, the flasks were placed in a refrigerator for 24-48 
hours, when they were heated to 85° for 15 minutes to kill all 
vegetative forms, cooled immediately, and placed again in the 
refrigerator to prevent the germination of spores. These were the 
stock suspensions used for the determination of the thermal death 
points of the spores. The concentration of spores in the suspensions 
was determined by plating in different dilutions. The relative 
ability of the 18 cultures to form spores under these conditions is 
shown by the counts. The number of spores per cubic centimeter 
of suspension for the 18 cultures varied from 390 to 73,800,000. 

The tubes used for the detemiinations were hard glass tubes 
5 mm. in diameter and 250 mm. in length. They were prepared 
for use by soaking over night in weak hydrochloric acid solution, 
rinsing thoroughly with distilled w^ater, draining, wra])ping in heavy 
brown paper in i)ackages of 15 each, and sterilizing. These tubes 
were inoculated with 1 cc. of the suspensions of spore, sealed off to 
within 40-50 mm. of the surface of the liquid, and held in the 
refrigerator until ready to be heated. 

The thermal death points to the spores at too®, 105®, no®, 
115®, and T20®C. were detennined by immersing the sealed tubes 
in an oil bath adjusted to the desired temperature. A DeKho- 
tinsky electric bath containing ‘T>isco” was used to maintain a 
constant temperature, and a Wasserman test*tube rack for suspend¬ 
ing the sealed tubes in the bath. Before immersing in the oil bath, 
the temperature was increased one degree in order to compensate 
for the loss in temperature due to the immersion of the tubes in 
the oil, and 30 seconds was allow'ed for the heat to reach the center 
of the tubes and for the temperature to drop to that at wliich it was 
previously adjusted, before recording the time. 

A series of tubes was exposed to the desired temperature for 
definite periods of time, a tube being removed at regular intervals 
and immediately placed in ice water in order to stop the action of 
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the heat on the spores. When cold, the tubes were placed in the 
refrigerator and held until the sterility of the medium could be 
determined. Sterility tests were made by pouring agar plates. 
In most cases, if the spores survived the heat treatment, growth 
appeared in 24 hours. The changes, if any, in hydrogen-ion con¬ 
centration were followed by the use of Clark and Lub’s indi¬ 
cators. Table IV summarizes the work on thermal death point 
determinations. 

TABLE IV 


Time required to destroy spores of thermophiles at 

STATED TEMPERATURES (C.) 


Culture 

number 

Spores per cc. 

Time required in minutes for destruction at 

100“ 

ios“ 

110“ 

115“ 

120“ 

1. 

3,580,000 

no 

45 

7 

2.50 

2.00 

10. 

390 

15 

10 

3 

2.00 

1.00 

IQ. 


40 

20 

5 

2.00 

1.50 

2T. 

5,560,000 

J50 

60 

5 

2.00 

i '50 

26. 

8,900,000 

80 

30 

3 

2.00 

1.50 

33 . 

27,000 

60 

50 

3 

2.00 

3 25 

37 . 


80 

60 

4 

2.00 

1.50 

39 . 

123,000 

190 

40 

4 

2.00 

1-75 

49 . 

40,000 

90 

SO 

5 

2.00 

1.00 

47 . 

176,000 

120 

30 

5 

2.00 

I 7 S 

SI . 

275,000 

70 

20 

5 

2.50 

1.50 

52 . 

73,000,000 

60 

30 

7 

2.00 

1-25 

53 . 

184,000 

35 

25 

7 

2.00 

1.00 

59 . 

144,000 

70 

40 

7 

3.00 

i-So 

64 . 

30,000 

70 

50 

5 

2.50 

1.50 

67 . 

I,644,000 

90 

60 

5 

2.00 

1-25 

80. 

500,000 

220 

70 

9 

3.00 

i-So 

89. 

11,000 

180 

60 

9 

3.00 

1-75 


Discussion 

The thermophilic bacteria seem to constitute a homogeneous 
group having the more important characteristics in common. 
That the function of ability to grow at 55° C. or above may be a 
relative one is suggested by the results reported in this paper and 
the work of Oprescu (24), Sames (30), Blau (5), and Koch and 
Hoffman (18), since the conditions seemed to have much influence 
on growth at the higher temperatures. Table III shows that the 
organisms grew better at the higher temperatures on agar slants and 
plates than in gelatin. Some of those which showed no growth at 
all, or only slight growth, on agar slants after 24 hours incubation 
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at C. were found to grow well in gelatin at this temperature, 

causing some liquefaction. The time must be considered in con¬ 
nection with the growth of thermophiles at any temperature. Some 
strains showed no growth on agar slants at room temperature in 
24 or 48 hours, but showed slight growth at this temperature after 
long incubation. Kocii and Hoffman stated that their organisms 
would not grow in artificial media at 25°'-28°, but failed to mention 
the conditions of incubation. It is possible that statements by 
several investigators that the thermophilic bacteria would not 
grow at room temperature may have been made without waiting 
a sufficient period for growth to appear. The three anaerobic 
thermophilic bacteria isolated by X^eillon (34), however, gave very 
restricted growth at room temperature even though held for two 
to three months. Russell and Hastings (29) and Bigelow and 
Esty (4) seem to be the only investigators who have descri])ed 
their technique for determining thermal death jioints. The results 
obUiined in this investigation are at variance in some respects with 
the results rejiorted by Bigelow and Esiy on 19 strains of thermo¬ 
philes. The strains used by the writers seem to be less resistant 
than those of Bigelow and Esty. Several reasons may obtain to 
explain this. Their strains were isolated from canned foods which 
had undergone .spoilage, and had thus passed through a selective 
treatment which would give only strains which were resistant to 
heat. On the other hand, the strains u.sed in this investigation were 
isolated from nature, with two exceptions, and had not undergone 
any such treatment. Slightly different concentrations also 
obtained in the two investigations. Bigelow and Esty report a 
Pn of 6.0-0.3, wliile a Pj, of 7.4-8.0 obtained in this investigation. 

While the initial concentration of spores per cubic centimeter has 
great influence on thermal death point data, the thenno])hilcs, like 
otlicr bacteria, vary in their degree of resistance to heat. This is 
shown by the data in table IV. The suspension of no. 10 contained 
the least number of spores per cubic centimeter; these were killed by 
a 15-minute exposure to 100® C. Culture 89 required an exposure of 
180 minutes for complete destruction. This difference in the time 
required cannot be explained solely on the variation in resistance, 
but apparently is influenced also by the number of spores. 
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A review of the thermophilic bacteria described in the literature 
indicates that they have a wide temperature range of growth. In 
order to express this, different investigators have coined different 
terms to apply to the bacteria in this group, as follows: thermo- 
philes, orthothermophiles, thermotolerants, obligate thermophiles, 
true thermophiles, facultative thermophiles, and strict thermophiles. 
Some divisions have been made on the basis of minimum temper¬ 
ature for growth, others on the basis of maximum temperature, and 
some on the basis of optimum temperature. The best basis for 
separation, perhaps, is the optimum temperature for growth. This 
might allow the following grouping of bacteria according to the 
temperatures at which they grow best. 

I. Strict thermophiles.—Optimum temperature above 55° C. 

II. Facultative thermophiles.—Optimum temperature 50^-55° C. 

III. Thermotolerant bacteria.—Optimum temperature 40°-”50° C. 

IV. Mesophilic bacteria.—Optimum temperature 25°-4o® C. 

V. Psychrotolerant bacteria.—Optimum temperature 10^-2 f C. 

VI. Facultative psychrophiles.—Optimum temperature o®-io° C. 

(?). 

VII. Strict psychrophiles.—Optimum temperature below o® C. (?). 

Since the growth of thermophilic bacteria at ordinary temper¬ 
atures seems to involve a time element, it is probable that canned 
foods containing thermophilic, bacteria might spoil after being 
stored for a long time at ordinary temperatures. Of course, if 
stored at higher temperatures it is well known that spoilage occurs 
very promptly. 

Several other problems in connection with thermophilic bacteria 
have been suggested by the present investigation. These will be 
taken up in the near future. 

Summary 

I. Eighty-nine strains of bacteria, studied according to the 
index number as expressed on the descriptive chart of the Society 
of American Bacteriologists, fell into twelve classes. All of these 
separations are based upon unessential characteristics of classifica¬ 
tion. In the light of this fact, the thermophilic group seems to 
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be a homogeneous one, the members having in common all of the 
important characteristics used in classification. 

2. A tentative separation of bacteria into groups on the basis 
of reaction to temperature has been presented. 

3. The ability to grow at high temperatures seems to be a some¬ 
what relative function, depending on the conditions of incubation. 
The so-called strict thermophilic bacteria, however, show a much 
more rapid growth at 55° C. than at lower temperatures. They 
must be distinguished from thermo-tolerant bacteria. 

4. The thermal resistance of eighteem strains of thermophilic 
bacteria was studied. At the higher temperatures, 115° and 120° C., 
the thermal death points fell within narrower time limits than those 
at the lower temperatures, 100°, 105°, and 110° C. 

5. The “index num])er“ is a distinct improvement upon the old 
“group number,^’ although some of the points in tlie “index num¬ 
ber’^ would be difficult to determine. For instance, the function 
of pathogenicity could not be determined without a great deal of 
experimental work. 

6. The character of the mecUa influenced the temperatures for 
the growth of thennophiles. 

University of Illinois 
Urbana, III. 
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DILUVIAN FLORA OF POLAND 

Aniela Kozlowska 

(with five figures) 

Introduction 

Few geological epochs have been so widely discussed, or made 
the subject of so many diverse theories, as has the Diluvian epoch. 
Especially in Europe, glacial formations, as well as their accompany¬ 
ing flora and fauna, have been the subject of many varying theories 
as to climate and general characters of the epoch. Besides being 
intensely interesting, this subject is also important in connection 
with the immediate flora of today. 

Two fundamental theories by contemporary students stand out 
conspicuously. The first and oldest, recognized by a small group 
of scientists, accepts the existence of only one glacial period, with 
several thawing periods, causing the appearance of a series of 
moraines, especially in the central part of Europe. The second 
theory, that of a series of glacial and interglacial periods, recognized 
by botanists, zoologists, and archeologists of the old as well as the 
new world, assumes the existence of several glacial periods, followed 
by a few successive climatic dianges of alternate cold and warm 
spells (5, 19). Although the number of the individual gladal 
periods for America has been determined (2), there are various 
opinions as to the number in Europe (7). It is the aim of con¬ 
temporary students of glaciology, however, to determine chrono¬ 
logically the number and character of glacial phenomena in both 
continents. In the present paper, the terminology of Penck and 
Bruckner (19) is accepted as the standard. 

Glacial periods in Poland 

The first two Alpine glacial periods, Giinz and Miindel, did not 
leave in Europe any definitely ascertained terminal moraines. 
The third period, Riss, however, has left throughout the whole 
continent a wall of moraine and many fluvioglacial formations. 
Botanical Gazette, vol. 77] (186 
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In Poland the limit of the so-called “first and largest glacial period^’ 
runs through Cracow and Lwow, then turns northward, passing 
between Wolyn and Podole. This glacier was accompanied by a 
rich northern tundra, found by Zmuda (27) and Szafer (23), near 
Cracow and in Krystynopol. 

Willows and dwarfed birches, such as Beiula nana, Salix herbaceaj 
and S. myrtilloideSj were then growing on the outskirts of the 
glacier. This flora did not last long, however, since the glacier 
retreating from Cracow caused a rapid succession of changes in the 
vegetation (15). On the treeless tundra there appeared high 
region trees, such as Finns cemhra and Larix Polonica, The climate 
continued to undergo extreme changes. From terrains bordering 
on Poland, that is, from Germany (24, 25), Silesia (8), Hungary 
(16, 17), and Russia (22), we have several remains of the forest 
flora, indicating a warmer climate than that of today. It is the 
so-called second Interglacial in Europe, corresponding to the Alpine 
Riss-Wurm. The next Alpine glacial period, Wiirm, is as clearly 
defined in Poland as the first; it reached the upper courses 
of the rivers Pilica and Bug. In conjunction with this glacial 
period there were formed younger loess, covering southern Ger¬ 
many, Poland, and Russia. The flora of this period in Poland is 
known through a very few remains from the caves in Ojeow (13). 

Finally, the fifth and last Alpine glacial period corresponds to 
the Baltic moraine in Poland, which extends through Prussia and 
Pomerania (fig. i). The remains of the flora and fauna in these 
terrains are not sufficiently abundant or characteristic to serve as 
data from which to determine positively the climatic changes and 
the contemporaneous changes in the vegetatioi^of Poland. This 
problem, being of a general nature, still remains unsolved, and 
presents many puzzling points, in spite of the numerous fossil 
remains and the extensive research carried on in European countries 
aijd in North America. Possibly the following description, contain¬ 
ing a list of the Diluvian flora from the region of Czarna River, 
found in Poland during the year 1921, may throw some light on the 
problem. 
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Directly on the bluish loam, which covers the bottom of the 
stream, there appear layers one to two meters thick of fluvio- 
glacial gravel. Above there lies a homogeneous layer of humus, 
in parts attaining a thickness of one meter. Upon this there 
stretch indefinitely described strata of diluvian sands. These 
formations are finally covered by clay, one to three meters thick, 
resembling in character loess. It lacks, however, the snails t3q3ical 
of loess, such as Pupa muscorum. Helix hispid a, etc. 

The humus, dissected by water, showed excellently preserv'ed 
remains of a forest. It contained leaves with their veins completely 
preserved, pine needles, seeds, absolutely undamaged, also many 
fragments of trees, sometimes with the entire roots protruding from 
the sands. At a wid th of one kilometer all along the stream the layer 
of fossilized forest could be detected always in the same stratigrapliic 
position. A number of specimens from various ])arts, when 
analyzed, disclosed a homogeneous character of the forest type. 
In the individual tests, one species or another prevailed only in 
quantity, 'fhe most abundant species of trees were found to be 
Fagus silvalica, Abies pcciinata, Carpiniis Belulus, Tilia platyphyllos^ 
Corylus Avcllana^ Finns silvestris, Acer Platanns, A. platanoides^ 
Bciula verrucosa^ B. pubescens, Ulmus s])., and the herbs Siachys 
silvalica, Carex sp., Vacciniiim nliginosum, Viscim alburn^ and 
Cirsium sp. 

It is evident from this list that the fossil forest did not vary 
much in character from that which now covers the hillsides of the 
Swietokrzyskie Mountains. The beech and the fir, the commonest 
of the fossil species, today also com])osc the greater part of the forests 
in these regions. Only Tilia platyphyllos, one of the now thriving 
species of our flora, does not grow wild in the Swietokrzyskie 
Mountains. Owing to their climatic requirements, these trees are 
scarce on the southern boundaries of Poland. 

What renders this flora peculiar in character, and arouses 
special interest, is the discovery, although in only one section of the 
forest, of the presence of loam with several branches of coniferous 
trees, varying in their physical structure from all the species of 
evergreens known to the writer in northern Europe. I have made 
a careful study of this loam. By maceration in water, there 
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were washed from this loam the following vegetable remains: 
one-year old branch, several pieces of two-year old roots with 
many one-year branches, a few pieces of three and four-year old 
wood, about 20 cm. long with well preserved bark, all belonging 
to the previously mentioned coniferous trees. Besides, there were 
one pine needle, with its structure unfortunately disarranged, 
about a dozen seeds of reed grass, fragments of roots and leaves 
of grass and reed grass not definitely described, fruits of hazelnut 
and beech, a few pieces of wood of the fir and elm, single leaves 
of moss, and very many spherical objects of diluvian age known as 
Cenococcum geophillum. The appearance of all this material was 
the same as of that lying in the direct vicinity of the forest. All of 
these remains disclosed in their structure an absolutely young 
character, and did not show any traces of the action of water. 
The one and two-year old branches of coniferous trees had falling 
bits of bark preserved on their exterior, also tiny gnarls on the side 
branches, and no traces of having been surrounded by water. 
Moreover, the delicate leaves of moss and reed grass, simultaneously 
found, apparently present sufficient proof that this material was not 
subsequently thrust'among the forest humus, but that it represents 
the original composition, and therefore is contemporaneous with 
the forest described. 

Cross-sections of the branches and roots of coniferous trees, 
obtained by cutting with a razor^ and not treated with any chemicals, 
revealed a well preserved structure of wood and bark, and permitted 
the exact tracing of the anatomical structure. The three-year old 
branches showed the following structure: (i) Lack of resin canals 
in the wood, in the longitudinal and diagonal cross-sections. (2) 
Lateral walls of the uniseriate ray cells with simple pits. (3) 
Tracheids of the wood in a radial cross-section reveal a rather 
changeable structure. In the autumn wood and partly in the 
summer wood there is but one row of bordered pits, whereas in the 
spring wood tracheids of slightly larger dimensions disclose bordered 
pits arranged in two rows. Transitional forms are met with 
occasionally; in one and the same tracheid, the pits place themselves 
either singly or doubly. (4) Resin cells of a dark brown hue, 
scattered along the summer wood. These characteristics establish 
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beyond doubt the relationship of this wood to the Abietineae type, 
therefore to one or another of the genera Abies^ Pseudolarix, Cedrus, 
or Tsuga, 

Jeffrey (iia) showed what significance the study of diagonal 
cross-sections of young branches and roots has for the Abietineae 
tyi)e. The appearance and number of resin canals in the individual 
species are characteristic of this group. Three genera, Abies, 
Pseudolarix, and Cedrus, have distinct resin canals in the original 
wood, and therefore in the pith of the one-year old branches; 
besides they have many resin canals in the bark. The young roots 
disclose a similar structure; one sap duct in the original wood and 
many in the texture of the bark. Tsuga alone varies fundamentally 
in this res])ect, having only one saj) canal in the original wood of 
the root. There is an entire lack of these canals in the bark and 
the pith of the branches. 

llic fossil wood examined showed, in diagonal cross-sections 
of the roots and branches, a structure corresponding exactly with 
that of 7 'suga as described by Jeffrey. A tliick layer of bark, 
surrounding the branches and the roots, does not possess resin 
canals. It is composed of homogeneous dead cells of the bark 
texture, winch cells are divided by sclerenchyma filaments. 
Similarly, the original wood of the branch does not show any resin 
canals; they appear only in the pith of the one-year old root* 
These characters indicate that this wood belongs to Tsuga. 

Other characteristics of Tsuga have been noticed by Peniiallow 
(20). In his opinion the disposition of the resin cells on the exterior 
part of the sumnier wood is extremely characteristic of Tsuga. 
In wood as young as the observed branches the disposition of the 
resin cells does not appear in such a typical way, but numerous 
dark cells are aggregated on the exterior of the spring wood. 
Finally, a character determining the genus with certainty is the 
disposition of the bordered pits in the tracheid of the wood. In 
this genus of the tyj^e Abietineae, the species Tsuga canadensis 
exclusively has in its spring wood bordered pits disposed in double 
rows. This character is typical of our fossil wood, and has been 
verified in all the cross-sections made by the writer. The discovery 
of the American species, Tsuga canadensis, among the mixed wood 
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characterizing central Europe, throws an important light, first on 
the determination of the age of the fossil flora of Rakow, and second 
on the floral history of the glacial period. 

As I noticed before, the fossil wood in the Czarna River section 
lies upon a substratum of stones and gravel, and underlies glacial 
sands and loam. As this stratum is situated not far from the 
terminal moraine of the first glaciation (Riss), the stones and gravels 
ai)pearing at the bottom of the streamlet must be remnants of 
that glaciation. They probably correspond to the lower moraine. 
The fossil forest with Tilia platyphyllos and the Tsuga canadensis^ 
showing climatic conditions milder than today, has been able to 
grow only after the complete retrogression of the glacier near 
Cracow. This wood, therefore, will correspond to the interglacial 
period, called in the Alps Riss-Wiirm. The next glaciation (Wiirm), 
stopping in Poland at the beginning of the rivers Pilica and Bug, 
has covered with sand and loess the rising of Malopolska. The 
sand and loam with loess character which cover our fossil wood 
correspond to that second glaciation. 

Interglacial flora of Rakow and other discoveries in 
Europe and America 

In all central Europe, and especially in Germany, Denmark, 
and Switzerland, we know of a fossil flora very abundant and rich 
in the number of species from the interglacial period. Many times 
the exact determination of these fossils has presented great difli- 
culties, allowing various interj^retations of the same section by the 
investigators. It can only be stated with certainty that the numer¬ 
ous fossils of the warm diluvial flora in Europe must be scattered 
between various interglacial i)eriods. The best known of these 
interglacial periods is the Riss-Wiirm, which occurreil in Euroi)e 
between the first and second glaciation. 

The essential trait of each of these fossil floras is the appearance 
among the mixed leaf forests of central Europe of some remnant 
of the flora corresponding to a warmer climate of south Europe. 
Among such plants that may be considered as typical in the inter¬ 
glacial period are Buxus sempervirens and Ilex aquifolium, which 
have been found in Switzerland (26), Germany (25), and France 
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in the north, far from their present area of distribution. Besides 
this we have a quantity of other species of similar character, known 
from occasional discoveries. Thus there have been found in 
France Acer opulifoliuniy Lauriis canariensisy Cercis siliquastrum, 
Ficus caricay Evonymus latifolius, Juglans regia (6); in Hun¬ 
gary in Ganocz and Lueski (17, 18) CoHnus Coggyruiy Astragalus 
hamosus; in Russia near Oka River Fagus silvaticay all of which 
species have been discovered far from their present limits. A 
similar phenomenon of the advance of the southern species to the 
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north in the interglacial periods has been observed in America. In 
our fossil flora from Rakow a jflant of such a tyj^e is Tilia plafypJiyl- 
los, kno'v\m from many interglacial periods in Europe, which indi¬ 
cates more favorable climatic conditions than the present. 

Besides these ];)lant species, there are several plants from the 
interglacial periods of s}>ecial interest. These are species which 
do not exist any more in Europe, but are still found in other parts 
of the world. Brassenia purpurea belongs to these. Fig. 2 gives a 
view of the distribution of this plant. It originated in North 
America, where it covers the lakes and rivers from Canada to 
Mexico; it appears in two places in Africa; it is known as an 
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extremely rare plant in Australia, in the south of Japan, in India, 
and in Manchuria. In Europe it is no longer in existence, but 
it has been found in almost all the exposures of the interglacial 
flora in Germany (14), Denmark (i), Switzerland, and Russia. 
This widely distributed but scattered species, appearing in several 
continents, proves that we are dealing with an ancient type, which 
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existed perhaps in the Tertiary period on all of the continents, and 
today remains only in certain isolated areas. As this species is 
known in Europe from the Tertiary period, we can assume that in 
our diluvial epoch it is the last remnant of the abundant Tertiary 
flora which was almost entirely exterminated during the glaciation. 
The same may be said of Nymphaea Lotus, existing today in Egypt 
and discovered by Pax (17) in Ganocz, Hungary. 
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In America, in spite of the comparatively limited studies on 
the diluvial flora, six species of plants are known from the inter¬ 
glacial period, which are not in existence today, and which are 
remnants of the Tertiary period (3,4> ii). Other plants of limited 
geographic distribution are two species entirely American and found 
in the European diluvium. One of these is Dulichium spathaceunij 
which today is confined to eastern North America, but which was 
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an element in the flora of Europe (9) in the interglacial period, in 
Denmark, and in Lauenburg on the Elbe (fig. 3). Moreover, tliis 
species is not known in the European Tertiary period. The other 
species is Fraxinus aniericana, somewhat similar in its distribution 
to Dulichium^ limited today to eastern North America. In Europe 
it has been found in Thuringe by Schroter (Pohling 21), and 
is illustrated in fig. 4. Tsuga canadensis would represent the 
third species of similar distribution. It is a northeastern American 
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species, and does not appear in our existing flora anywhere else 
(fig- 5 )- 

Engler (5) discusses the floral relationship between America, 
Asia, and Europe on the ground of comparative lists of plant 
associations of the three continents, and concludes that in the 
Tertiary there must have been a continental connection between 
Asia and America, and that migration of the species took place by 
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means of that connection. The lack of identical tyi^es in eastern 
America and western Europe which were not known in Asia (Engler 
quotes only ten types ), and the depth of the ocean between Great 
Britain and Greenland, prove in the opinion of Engler a very 
ancient severing in this region of the two continents. On the other 
hand, he admits the possibility of a continental connection between 
America and Europe through Greenland, Spitzbergen, and Nova 
Zembla. The very rich Miocene flora in Greenland and Spitz- 
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bergen, as described by Heer (10), shows great analogy; the conifer¬ 
ous woods abundantly represented today in North America 
prevailed there. With the advent of the glacial period all of the 
species from the boreal region were driven south before the advan¬ 
cing glacier. 

In the Miocene flora of Spitzbergen, among the numerous 
conifers, five species of the Tsuga type were discovered, which are 
not known either in the European or in the American Tertiary 
period (12). Because of the entire lack of discoveries it is difficult 
to assume with confidence that this genus did not exist in that 
period either in Europe or in America. One may assume with 
a certain degree of probability, however, that the Tsuga canadensis 
discovered near Rakow is a circumpolar species of Engler, which 
in the beginning of the glacial period migrated from Spitzbergen 
and Greenland to eastern America, and through Nova Zembla 
has also reached Europe, Whether the connection between America 
and ICurope known only from a few examples can be explained iii 
the same way, remains a problem to be solved by further investi¬ 
gations. 

Cracow Botanical Institut 
Cracow, Poland 
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RELATION OF SEED WEIGHT TO GROW! H 
AND VARIABILITY OF WHEAT IN 
WATER CULTURES^ 

Sam F. Trelease and Helen M. Trelease 

During the recent development of water culture experimenta¬ 
tion, the methods employed in the study of the mineral requirements 
of plants have been improved rather rapidly. The general method 
is necessarily so complicated, however, that many of its details 
still remain to be w'orked out and perfected. One of the greatest 
difficulties in the inteqiretation of the results of water culture 
studies arises from the high degree of variability of the plants. 
Variability may obscure the relations between the growth of the 
plants and the physiological values of the solutions tested. Recently 
it has become increasingly evident that, to reduce the disturbing 
influence of plant variability, relatively large numbers of plants 
must be used in each of the several cultures that are to be compared, 
and statistical methods must be employed as an aid in the inter¬ 
pretation of the results of such studies (Brenchley 2, 3; Stiles 
12,13; Stiles and Jorgensen 14; Davis 4). 

One of the important questions in the general water culture 
method, therefore, is that of the number of plants needed to secure 
reliable results. In order to bring the work into conformity with 
the necessarily limited time and facilities at the disposal of any one 
experimenter, it is important from a practical })oint of view to 
consider methods by wluch variability may be limited and the 
number of plants to be grown in each culture may be as small as 
possible. 

To limit the range and degree of variability, investigators have 
generally used seedlings that appear to be nearly alike in size and 
general vigor; some workers have used seeds of a pure line, and a 
few have even employed seeds selected for unifoimity in weight 
(Brenchley 2, 3). It might be anticipated that such precautions 
would tend to reduce the range of variability in the plants, but 

* Botanical contribution from the Johns Hopkins University, no. 76. 
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further work seems desirable, to determine quantitatively, if 
possible, just how effective these methods of selection may be. 
Although it is known that seed weight may have a pronounced 
influence on plant yields (Kiesselbach and Helm 7), the importance 
of this appears not to have been emphasized sufficiently in the 
literature of the water culture method. It was with the idea of 
securing further information on this question that the present 
study was undertaken. This paper reports experiments dealing 
with the growth and variability of young wheat plants, as related 
to the original seed weight. It aims to emphasize the importance, 
in water culture technique, of employing seeds that have been 
selected for uniformity of original weight. 

The experiments were carried on at the laboratory of plant 
physiology of the Johns Hopkins University. It is a pleasure to 
acknowledge indebtedness to Professor B. E. Livingston for sugges¬ 
tions in the preparation of this paper. 

Experiments and results 

The seeds used in this study were from a pure line of Marquis 
wheat (Marquis, Saskatchewan, no. 70, Selection no. 313), grown 
near Saskatoon during the summer of 1Q22. They were supplied 
by the Department of Field Husbandry of the University of 
Saskatchewan, through the courtesy of Professor Manley 
Champlin. In table I is shown the frequency distribution of seed 
weights, as shown by a random sample of 300 seeds from this lot. 

Four groups of seeds were selected on the basis of weight. 
The first or light group included seeds weighing less than 24.5 mg. 
The second or medium group included seeds weighing more than 
32.5 mg. and less than 36.5 mg. The third or unselected group 
included seeds taken by “random sampling” from the general 
stock. The fourth or heavy group included seeds weighing more 
than 40.5 mg. To expedite the work of securing seeds to represent 
each of these groups, a sorting by appearance was first made; 
then the weight group to which each individual seed belonged was 
determined by means of a balance, and those having the desired 
weights were saved. 

The data for the seeds actually used arc presented in table II. 
The second and third columns present data based on the frequency 
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distribution of weights, derived from table I, the second column 
showing the ranges of seed weights included in each group, and the 
third column giving the percentage of seeds falling in each group. 


TABLE I 


Frequency distribution of seed weights for Marquis wheat grown 
AT University of Saskatchewan during summer of 1922, based 
ON weighings made October 26-30, 1922 


Weight class 
(mg.) 


18 

IQ 

20 

2 T 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


Frequency 

Weight class 

(MG.) 

Frequency 

Actual 

Percentage 

Actual 

Percentage 

2 

0 7 

33 . 

22 

7.3 

0 

0.0 

34 . 

17 

5-7 

I 

0-3 

35 . 

28 

Q '3 

0 

0.0 

3 (‘. 

25 

8.3 

2 

0.7 

37 . 

i6 

5.3 

4 

1-3 

38. 

15 

50 

5 

1.7 

39 . 

19 

6.3 

12 

4.0 

40. 

16 

5-3 

3 

1.0 

41. 

IS 

5-0 . 

13 

4.3 

42. 

8 

2.7 

5 

1.7 

43 . 

8 

2.7 

14 

4.7 

44 . 

5 

1-7 

13 

4-3 

45 . 

3 

I.O 

16 

5-3 

49. 

1 

0-3 

12 

4.0 





TABLE II 

Data for seeds of Marquis wheat included in each weight 

GROUP EMI>LOYED IN CULTURES 


Group 

Data based on frequency 

DISTRIBUTION OF WEIGHTS 

Data for seeds chosen for 

EXPERIMENT 

Inclusive 
range of 
weights in 
group (mg.) 

Percentage 
falling in 
group 

Number 

chosen 

Mean original 
weight (rag.) 

1 

Mean dry 
weight* (mg.) 

Light. 

18-24 

4.7 

245 

19-3 

17.2 

Medium. 

33 - 3 <i 

30.6 

281 

34.8 

31-0 

Heavy. 

41-46 

134 

231 

44.5 

39-6 

Unselected. 

18-46 

100.0 

250 

335 

29.8 


* Calculation based on determinations of moisture content of similar seeds from .same lot. 


I'he third column shows that, if one hundred seeds were taken at 
random, about five would fall in the light group, about thirty-one 
in the medium group, and about thirteen in the heavy group. 
The last three columns of table II give data for each group of 
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seeds as actually employed in the experiment. The fourth column 
shows the number of seeds chosen to represent each group, the fifth 
column shows the mean original weight of these seeds, and the 
sixth column shows the mean dry weight of the seeds (based on 
determinations of moisture content made with similar seeds from 
the same lot). Eighty seedlings were selected at random from the 
original lot obtained from the light seeds, and these were divided 
into two sets, each set being grown in one of the two culture vessels 
for that group. Corresponding duplicate sets, each containing 
forty plants, formed the cultures for the medium, unselected, and 
heavy groups. 

The same general methods were employed in this study as were 
used by Tottingham (15), Skive (ii), Trelease (16), and other 
workers. All cultures were in the same solution, which was one 
productive of good growth. The total concentration corresponded 
to about 0.5 atmosphere of osmotic pressure at 25° C. The solution 
contained the following partial volume-molecular concentrations 
of its constituent salts: 0.00525 M KH2PO4, 0,00189 M Ca(NOj)a, 
0.00336 M MgS04, and 0,00001 M FeS04. For the three main 
salts, these partial concentrations corresj)ond to relative molecular 
proportions of 50 KH2PO4, 18 Ca(N03)2, and 32 MgS04. 

The culture vessels were 3-gallon, glazed earthenware “butter’* 
jars. Each jar was filled with solution and covered with a paraflSned 
Portland cement top with eight circular openings. The seedlings 
were mounted in cork stoppers in the usual way, the stoppers being 
held in the openings in the cement top. Each stopper bore five 
seedlings, forty seedlings for each of the two culture vessels in each 
set. The cultures were placed near the margin of a rotating table, 
so that all of the plants were exposed to approximately the same 
fluctuations in environmental conditions throughout the period. 
The solutions were renewed every five days, thus giving approxi¬ 
mately the renewal rate suggested by Livingston (8 ), each plant 
being supplied with an amount of solution corresponding to about 
53 cc. per day. 

The seedlings were grown from November 4 to December 15, 
1922, a period of forty-one days. During the first two days the 
seeds were germinating on wet blotting paper in a damp chamber, 
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and during the next four days the seedlings developed at the 
surface of tap water, being supported on a netting germinator. 
The plants were then transferred to the culture jars, in which they 
grew for thirty-five days. While the plants were growing in the 
culture solution, the average daily maximum temperature was 
26° C., and the average daily minimum was 18.1° C. During this 
period the corrected evaporation from a Livingston white spherical 
porous cup atmometer gave a daily mean of 16.3 cc. At the end 
of the culture period the tops of the eighty individual plants of 

TABLE III 

Mean yield of tops, roots, and whole plants for wheat seedlings 
GROWN for forty-one DAYS (NOVEMBER 4 TO 
December 15, 1922) 


Group 

Tops 

Roots 

Whole plants 

Actual 

(mg.) 

Relative* 

Actual 

(mg.) 

Relative* 

Actual 

(mg.) 

Relative* 

Light. 

834 

1,00 

10.5 

1.00 

93.9 

1.00 

Medium. 

126. 7 

1.52 

1O.3 

1-55 

143-0 

1.52 

Unselected. 

129.5 

1-55 

16.4 

l. 5 <> 

145-9 

1-55 

Heavy. 

143-0 

1.71 

17-3 

1.05 

160.3 

I.71 


* Each relative value shows weight in terms ot the weight for the corresiwnding light group taken 
as unity. 


each group were harvested separately and dried to an approximately 
constant \veight at 102° C. The top dry weight of each individual 
plant was then determined. The roots of all the eighty plants in 
a group were harvested together, and their total dry weight was de¬ 
termined. A summary of the results is given in tables III and IV. 

Discussion 

The data of table III, giving the mean yield of wheat seedlings 
produced from the seeds of each of the four groups, show that these. 
yields are roughly proportional to original mean seed weights. 
Tliis statement holds true for tops, roots, and whole plants. It is 
important to ask whether the observed differences among the mean 
yield values are significant of true differences between the several 
plant populations with respect to their final dry yields. To deter¬ 
mine whether the difference between any two means is significant, 
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the difference is to be considered of course with respect to its own 
probable error. Data for this consideration are available for top 
yields only (table IV), individual weights of roots not having been 
secured. For mean top yield, the difference between the light and 
medium groups is 43.3 mg.; this difference amounts to 27.1 times 
its probable error (43.3-7-1.6 = 27.1). Since the odds are over¬ 
whelmingly against the occurrence of a deviation as great as or 

TABLE IV 


Top yield data for wheat seedlings grown for forty-one days 
(November 4 to December 15, 1922)* 


Group 

1 

Mean top yield 
in mg. 

( M ) 

Standard 
deviation 
in mg. 

( c ) 

Probable 
error of fungle 
observation 
in mg. ( Eg ) 

Probable 
error of single 
observation, 
as percentage 
of mean < Pg ) 

Percentage 
coefficient of 
variability 
(C) 

Light. 

83-4=^i-3 

17.7 

II.9 

14.3 

21 . 2 ^ 1.2 

Medium. 

126. 7=ti.o 

13-5 

9.1 

7.2 

10 . 7=*so.6 

Unselected. 

I29.5=*=2. I 

27.4 

18. 5 

14.3 

21,2=^1.2 

Heavy. 

i 43 .o=fcr .5 

19-5 

13.2 

9.2 

13.6*0. 7 


♦The statistical calculations were made by means of the followins standard formulas: Mean (Af)«» 

—being the sum of the individual top weights, and n the number of varmtes (8o). Standard devia- 
n — 

tion (<^)—a/™! Sr* representing the sum of the squared deviations of each weight from the mean, and n 
the number of variates (8o). Probable error of a single observation ^0.6745 X<r, in which 0.6745 

is the usual statistical constant, and v is the standard deviation. Probable error of the mean (Eif) — =*=-7-, 

Vn 

Eg being the probable error of a single observation, and n the number of variates f8o). Probable error of a 

» 

single observation, this error expressed as percentage of the mean, (P^) =*iooX^, in which Eg represents 

the probable error of a single observation, and M the mejin. Coefficient of variability (C)“iooX^) 

M 

tr representing the standard deviation, and M the mean. 


greater than 27.1 times the probable error, it may be concluded that 
the plants of the medium group really differ from those of the light 
group by an increase in top yield of about 43.3 mg. In the medium 
and unselected groups, it is not likely that the difference between the 
top yield data for these groups is significant, since the observed 
difference of 2.8 mg. is only 1.2 times its probable error (2.8-4- 2.3 = 
1.2). The mean seed weights were nearly the same for these two 
groups, and the top yields do not differ significantly. The next 
difference, however, that between the yield for the unselected and 
that for the heavy group, appears to be surely significant, since the 
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difference of 13.5 mg. is 5.2 times its probable error (13.5^ 2.6 - 5.2), 
the odds being several thousands to one against the occurrence of a 
deviation equaling or exceeding 5.2 times the probable error. 

The evidence is very strong, therefore, that the mean top yields 
are directly related to original seed weights, the heavier seeds 
producing higher yields. Moreover, it seems reasonable to conclude 
that the data for root yields are reliable in indicating a similar 
general relationship between original seed weight and final yield. 
The relationship is clearly indicated by the actual data for yields 
of roots and of whole plants (roots plus tops), and there seems to be 
no reason for regarding it as less definite for these than for top 
yields. 

The relative values in table III show the degree of influence that 
original seed weight may exert upon yield at the end of forty-one 
days of growth. If the mean top yield of the light group is con¬ 
sidered as having a relative value of i.oo, then the mean top yield 
of the medium group has a value of 1.52, that for the unselected 
group (the original mean seed weight for this group being also 
medium) has a value of T.55, and that for the hea\y group has a 
value of 1.71. For root yields the corresponding relative mean 
values are i.oo for the light group, 1.55 for the medium group, 
1.56 for the unselected group, and 1.65 for the heavy group. For 
)delds of whole plants (top plus roots) the corresponding relative 
values are the same as for top yields. The close agreement between 
the relative mean values for toj) and root yields in each group appears 
to furnish evidence for the proposition that the mean root yields 
obtained are probably about as reliable as the mean top yields, 
in spite of the fact that no statistical evidence for root yields is 
available here. Furthermore, this agreement indicates, of course, 
that seed weight may be expected to influence both top and root 
yields in a similar manner and to a similar extent. 

Special attention was not given to the relationship of top length 
in the very young seedlings to growth or variability of the plants 
at the end of tlie culture period. Some evidence in tins connection 
was obtained, however, from the measurements of top length, 
which were made for all seedlings at the end of six days’ growth, 
when the seedlings were transferred from the netting germinators 
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to the culture solutions. These measurements of top length are 
shown in table V, together with the mean dry weight values for the 
seeds. These data at least suggest that top length was directly 
related to initial seed weight. 

The preceding discussion has emphasized the pronounced 
influence which heavy seeds, as compared with light seeds, may haye 
on the dry weight at the end of a growth period of forty-one days. 
The absolute values for the final yields are clearly greater with seeds 
of greater weight. It is interesting to note incidentally that the 
relative increase of dry material, expressed in terms of initial seed 
weight, was smaller for the heavier seeds than for the lighter seeds. 
To show this more clearly, data indicating the growth rates for 
the culture period are presented in table VI. 


TABLE V 

Mean dey weight or seeds and mean length of tops of 

SEEDLINGS AFTER SIX DAYS* GROWTH 


Gkoup 

Seeds 

Tops 

Mean dry 
weight 
(mg.) 

DifiFerence 

(mg.) 

Mean length 
(mm.) 1 

Difference 

(mm.) 

Light. 

17. 2 

0 

88.3=*=!. I 

0 

Unselected. 

20.8 

12.6 

lOI.l=fco. 7 

12.8*1.3 

Medium. 

310 

1.2 

102.8=fco.8 

I. 7*1.1 

Heavy. 

39-6 

8.6 

107.8*0.6 

S.0*1.0 


Each of the two indices, the ratio of increase to seed weight 
and the efficiency index, has particular characteristics that must 
be borne in mind when it is used as a general measure of the rate 
at which new material accumulates in the plant. In general, the 
values of each may be expected to vary with the stage of develop¬ 
ment of the plant. Without going into these considerations in 
detail, the data in the last two columns of table VI indicate that 
the seedlings of the light group increased in weight more rapidly, 
with respect to the original seed weight, than did those of the medium 
or those of the unselected groups, which in turn increased relatively 
more rapidly than did the seedlings of the heavy group. It is 
apparently safe to conclude that, although greater seed weight 
resulted in greater final product, the heavier seeds did not yield 
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as great a relative increase, in proportion to their initial weight, 
as did the lighter seeds. 

Since the initial weight of the seeds may have a pronounced effect 
upon the amount of material produced by the plant in its early stages 
of growth, it follows, of course, that seeds which are uniform in weight 
should produce plants which exhibit only a narrow range of varia¬ 
tion in dry weight. "I'hat plants showing a relatively low degree 
of variability may be secured by employing seeds that have been 
selected for uniformity in weight is clearly shown by the present 
tests. This may be observed from table IV, by comparing the 

TABLE VI 

GRO\iTH RATE AS INDICATED BY ACTUAL INCREASE IN DRY WEIGHT, 

RATIO OF INCREASE TO DRY WEIGHT (SIMPLE INTEREST RATE), AND 
THE EFFrCIENCTf INDEX OF SEEDS (RATE OF CONTINUOUSLY COM¬ 
POUNDED interest) 


Group 

Mean original 
dry weight 
(mg.) 

Mean increase 
of dpr 
material* 
(mg.) 

Ratio of 
increase to 
seed weight t 

Efficiency 
index of dry 
weight 
productlont 

Light. 

17.2 

76.7 

4.49 

I. 70 

Medium. 

31.0 

112.0 

3.61 

1-53 

Unselected. 

2Q.8 

116.1 

3-90 

1-59 

Heavy. 

39-6 

120. 7 

3 -OS 

1.40 


* Final drj' weight of whole plant minus dry weight of seed. 

t Increase divided by dry weight of seed; “simple interest” rate for the 41-day 
period, 

X Natural logarithm of final dry iveight of whole plant minus natural logarithm 
of dry weight of seed; representing rate of “continuously compounded interest” for 
the 4t-day period. 


statistical data for the medium group with those for the other 
groups, particularly with those for the unselected group. It is 
important to remember that only in the medium group were the 
seeds chosen in such a way as to secure a low range of variation in 
weight. In the medium group all of the seeds were selected so 
that their weight lay within a range of 4 mg. (32.5-36.5 mg.), 
while the unselected seeds had a range in original weight of about 
28 mg. (about 18-46 mg.). Table IV shows that the plants of the 
medium (selected) group had a coefficient of variability of only 
10.7=1=0.6 per cent, while those of the unselected group had a 
corresponding coefficient of 21.2=1=1.2 fier cent. The difference 
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may safely be regarded as significant, for it amounts to 8.i times its 
probable error (Io.5"^ 1.3 = 8.i). Thus selection of seeds for 
uniformity of original weight rendered the variability of the plants 
grown from them markedly less than it would have been without 
such seed selection. 

To illustrate the value of seed selection as a procedure in water 
culture technique, it may be of interest to consider the number of 
plants that would probably have been needed in each culture in 
order to obtain a certain desired degree of statistical accuracy, 
and to compare this number for plants from selected seeds with the 
corresponding number for plants from unselected seeds. A calcula¬ 
tion of the required number of plants may be made by rather simple 
statistical formulas that are commonly used in connection with 
chemical analysis of variable samples, such as of fruits and soils 
(Denny 5, Haynes and Judd 6, Robinson and Lloyd 10, Waynick 
17, Waynick and Sharp 18). 

How many plants would have been required in each of two 
cultures in different nutrient solutions, the plant populations having 
the same known degree of variability, in order that there might 
be odds of 31.36 to i that a certain percentage difference between 
the two culture means is indicative of a significant difference 
between the nutritional values of the two solutions used? The 
formula here employed may be written: A' = 2X(3.2)*X(iP,)^-^Z)^ 
in which N represents the number of plants required, 3.2 is obtained 
from a table of odds (Pearl and Miner 9) and corresponds to odds 
of 31.36 to I, P5 is the probable error (expressed as percentage of 
the mean) of a single plant weight, and D is the percentage differ¬ 
ence. This formula was used in making the calculations for table 
VII, which shows the number of plants required in each of two cul¬ 
tures in order that various percentage differences between the two 
culture means might be considered significant, with an assurance of 
31.36 to I odds. 

In examining the data of this table, the figures shown in the 
fourth column may be considered first. For the medium group, 
that is, for the group with seeds selected for uniformity in seed 
weight, the number of plants required is shown as eighty, which, 
it will be remembered, is the number of plants actually used in each 
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group. The item for the unselected group shows that it would 
require 316 plants from unselected seeds to obtain the degree of 
accuracy secured with the eighty plants from selected seeds. It 
will be observed that 316 plants would also be required for the light 
group, and that an intermediate number, 131, would suffice for the 
heavy group; but it is to be remembered that neither in the light 
group nor in the heavy group were the seeds really selected for 
uniformity, those in the light group being chosen merely to have 
weights below 24.5 mg., and those in the heavy group to have 
weights above 40.5 mg. 

The last column in table VII, which gives the relative number of 
plants of each group that would be required for a certain degree of 

TABLE VII 

Number of plants needed in each of two cuLTuiiES in order that various 

PERCENTAGE DIFFERENCES BETWEEN THE TWO CULTURE MEANS MAY BE 
INDICATIVE (with ODDS OF 31.36 TO l) OF SIGNIFICANT DIFFERENCE BETWEE 5 I 
THE TWO MEANS 


Group 

Percentage difference 

Relative 
number of 
plants 
required for 
each group 

I 

s 

3.64 

5 

xo 

Light. 

4188 

4 f »5 

316 

168 

42 

3 95 

Medium. 

1062 

118 

80 

42 

II 

I.OO 

Unselectcd. 

4188 

465 

316 

168 

42 

3-95 

Heavy. 

1733 

lyj 

13T 

69 

17 

1.63 


statistical accuracy, shows tliat 3.95 times as many plants would be 
needed with the unsclected group as would suffice with the medium, 
or selected, group. 

The other columns in table VII show the number of plants for 
each group that would be needed for various degrees of accuracy. 
The table thus illustrates how the required number of plants changes 
with the degree of accuracy desired, this number being inversely 
proportional to the square of the difference (D). For example, 
the table shows that if the plants exhibit the variability of the 
medium seed group, 1062 plants should be needed for a i per cent 
difference to be regarded as significant, 118 plants should be needed 
for a 3 per cent difference to be significant, forty-two plants should 
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be needed for a 5 per cent difference to be significant, and eleven 
plants should be needed for a 10 per cent difference to be significant. 
The data of table VII thus serve to illustrate in an emphatic way the 
main point brought out by the present study. They show that 
the employment of seeds selected for uniformity of original weight 
may enable the experimenter to secure reliable results with a much 
smaller number of individual plants than would be required if 
unselected seeds were used. 


Conclusions 

1. The yields of both tops and roots were found to be directly 
related to original seed weight; light weight seeds gave low yields, 
medium weight seeds gave medium yields, and heavy weight seeds 
gave high yields. 

2. From the relation between seed weight and yield, it follows 
that seeds which are nearly uniform in weight should produce 
plants which exhibit a relatively narrow range of variation in weight, 
and selection of seeds for uniformity of original weight rendered 
the variability of the plants grown from them markedly less than it 
would have been without such seed selection. 

3. Top length in the very young seedlings is directly related to 
initial seed weight, and therefore selection of young seedlings for 
uniformity of height may exert a similar, although probably less 
pronounced, influence in making the variability small. 

4. Altliough the yields from heavier seeds were higher than the 
yields from lighter seeds, the differences in yields were relatively 
smaller than the differences in seed weight; greater seed weight 
did not result in a correspondingly greater yield. Thus, per unit 
of seed weight, the growth rate was higher in plants from lighter 
seeds than it was in those from heavier seeds. 

5. The value in water culture technique of using seeds that are 
nearly uniform in original weight is emphasized; such seed selection 
may make it possible to secure reliable results with a much smaller 
number of plants in each culture than would be required without 
selection. 


Johns Hopkins University 
Baltimore, Md. 
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FURTHER OBSERVATIONS ON NONSYMBIOTIC 
GERMINATION OF ORCHID SEEDS' 

Lewis Knudson 
(with three figures) 

In an earlier paper (5) on the nonsymbiotic germination of 
orchid seeds, a method was described for germinating seeds under 
pure culture conditions, and the successful germination of orchid 
seeds by the use of certain sugars was noted. The practical value 
of this method was indicated, and certain aspects of the problem 
respecting the relation of the fungus to germination were considered. 
It was suggested that germination is dependent upon a supply of 
organic substances. If the germinating orchid seed is dependent 
on an available supply of organic matter, then the method should be 
applicable to seeds of orchids other than those used in the previous 
experiments. The seeds successfully germinated by the use of 
sugar were those of Cattleya, Laelia^ and Epidendron. No other 
seeds were available at that time. Ramsbottom (7), reviewing 
this work of the writer, states that while the method may be useful 
in the germination of Cattleya and related forms, it will not prove 
successful for the seeds of Odontoglossum and related genera. He 
states, furthermore, that the^e is not much difliculty in germinating 
seeds of Cattleya, but the fact remains that under pure culture 
conditions Cattleya has not been germinated as yet in the absence 
of organic matter. Seeds of Cattleya and probably seeds of most 
orchids are unusual in that germination does not occur except when 
an outside source of carbon is available. In order to discover 
whether the method is applicable to other seeds, experiments were 
made with seeds of various genera, and that germination is possible 
is shown in the experiments here described. Certain other aspects 
of the problem are also considered. 

The methods used were essentially those previously described 
(5). Solution B or Pfeffer's solution was used throughout, although 

* Since the preparation of this manuscript germination of seeds of Odonloglossnm 
and of Cypripedium has been obtained. 
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attention should be given to the hydrogen-ion concentration for 
best results. Work on this will be reported subsequently by Mr. 
R. S. Nanz, who is at present studying the subject. The seeds 
were sterilized by the use of calcium hypochlorite and the tubes 
and flasks were kept in the greenhouse. 

Cymbidium. —Seeds of a Cymbidium hybrid were obtained in 
May 1922, and twenty tubes were planted on May 8. Ten of the 
tubes contained solution B-f2 per cent sucrose, and ten were made 
up with solution B alone. In all cases, 1.75 per cent agar was used. 
On the sugar media growth was rapid, and the mode of germination 
similar to that described by Bernard (i). At the end of three 
months the initial leaf was formed. On the mineral nutrient 
solution alone, enlargement of the embryo occurred and chlorophyll 
was produced, but at the end of eleven months no leaf was formed. 
The germinated seedlings were transplanted September i to liter 
flasks of Erlenmeyer form, each of which contained 300 cc. of 
solution B + 2 per cent sucrose. Growth of these seedlings continued 
rapidly, and despite the fact that over 100 seedlings were planted 
in each flask, at the end of eleven months the seedlings averaged 
5 cm. in length, having three or four leaves and well developed 
roots (fig. i). 

Odontoglossum. —On the same date a similar experiment was 
started with seeds of Odontoglossum RossiixOdoniioda hybrid. 
I'hese and the seeds of Cymbidium were obtained from Mr. A. C. 
Btjrrage, of Boston, Massachusetts. The results were the same as 
with Cymbidium, except that after transplanting, the seedlings 
apparently went into a resting condition, growth being resumed 
near the middle of January. At present the seedlings average 2 cm. 
in height, with roots developing. 

Phalaenopsis Schilleriana. —On November 10, 1921, seeds 
were sown in tubes containing solution B-f i per cent glucose or 
sucrose. These germinated, and by the end of four months the 
initial leaf was appearing. Unfortunately, they were transplanted 
to small flasks in which the agar soon dried up. These seedlings 
were transplanted again in December 1922. Growth again took 
place, so that one and two leaves are now formed, and roots four 
or five mm. in length are now present. Undoubtedly more satis- 
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factory and rapid growth would have been obtained had proper 
attention been given to the hydrogen-ion concentration. 

Ophrys. —Seeds of four species of Ophrys (O.fusca, 0 . speculum^ 
0 . apifera, and 0 . fragrans) were obtained from Spain, and planted 
on December 26,1922. On April i, 1923, the seeds were germinated. 
The protocorm at this time was a large spherule about 1.5 mm. 
in diameter, with many radiating absorbing hairs, some of them 
I cm. long. The initial leaf was just appearing. The protocorm 
was colorless, while the initial leaf was a deep green. 



Fig. I. —Seedlings of Cytnbidium; 4/$ natural size 


Dendrobium. —^Various experiments have been made with seeds 
of Dendrobium nohilis. No difficulty has been noted in germinating 
these seeds. After germination in tubes the seedlings were trans¬ 
planted to flasks, and in from six to seven months the seedlings 
had four and five leaves, and a small pseudo bulb was formed. 

Thus far I have failed only with the seeds of two genera, and I 
am not certain that the method is at fault, but suspect that the seeds 
were not viable. Mr. Sanders of Belgium brought with him from 
that country a pod of Odontoglossum which he gave to me after several 
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weeks of traveling. The pod when received was blackish green, 
but firm. The seed when examined microscopically appeared 
immature, although I am not certain that this was the actual case, 
not being very familiar with seeds of this genus. This seed failed 
to germinate. In another experiment, seeds of Cypripedium 
venustum were planted, and these also failed to germinate. The 
age of the seeds was not known, so that failure may have been due 
to loss in viability. 

To sum up this phase of the work, it may be stated that germina¬ 
tion has been noted for seeds of Caitleya, Laelia^ Epidendrofty 
Cymbidiuniy PhalamopsiSy Dendrohiuniy OphrySy and a hybrid of 
OdontoglossumXOdontioda. In all cases the germination has been 
practically 100 per cent. 

Viability of orchid seeds. —Through the courtesy of Lager 
and Hurrell of Summit, New Jersey, seeds of Cattleya and related 
forms and hybrids were obtained for experhnents on viability. 
These were planted on November 6,1922, and observations recorded 
on March 1, 1923. Previous to being received, these seeds were 
kept in a rather warm dry office in paper packages. Five lots of 
seeds one year old or less germinated readily. Two lots of seeds 
about fifteen months old did not germinate. Some of the more 
interesting observations were made with old seeds. Thus seeds 
of Cattleya Trianae which had been stored for three years showed 
40 per cent germination. Seeds of Cattleya DowianaXC, Faleia 
which had been stored four years germinated to the extent of i 
per cent. This percentage of germination was obtained with othpr 
seeds of this age. Various other lots of seeds three years of age 
showed I- 10 per cent germination. With seeds of Cattleya there 
is apparently some variability in the duration of viability. No 
difficulty has been experienced in germinating fresh seeds, but 
with seeds a year or more old the results are uncertain. It would 
seem from this that seeds should be planted as soon as possible 
after collection. 

Necessity of organic matter for germination. —In certain 
experiments, Bernard found that germination occurred when he 
used a concentrated solution of salep. This would contain sugars 
and other organic substances. He ascribed the beneficial effect 
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of the increased concentration to*a physical chemical effect, and 
compared the action with that of high concentrations in changing 
the form of algae. Recently, Ramsbottom has implied that the 
ejffect of the fungus or of high concentration of salep is comparable 
with the activating influence of various salts and chemical reagents 
on inducing the parthenogenetic development of certain eggs. 
That this is not the true explanation in the case of sugars is evident 
from the various experiments. Whenever the seeds are sown on 
media containing the appropriate sugar, that sugar is absorbed 
and stored as starch in the embryo, but not all sugars are utilized. 
If lactose is used at the same molecular concentration as glucose, 
fructose, or sucrose, the seed behaves as though no sugar were 
present. Lactose is not generally utilized by green plants as a 
food. 

That the sugar is used as a food is suggested again by the 
following experiment. On January 30, 1922, seeds of a CatUeya 
hybrid were sown in tubes on solution B + 2 per cent glucose. 
These cultures were kept in a dark incubator with the temperature 
maintained at 25® C. On May 3, the seedlings were well advanced 
and bearing one or two leaves (fig. 2). The seedlings were very 
much etiolated, but when transplanted to flasks they quickly 
became green, and are now making a normal growth. The first 
observations were made on these seedlings on April 8, 1922. At 
that time the embryos were gorged with starch, and averaged 
close to 0.5 mm, in width. The same results reported for glucose 
wjpre also obtained when mannose was used. Without sugar no 
germination occurred. Burgeff (4) attempted to germinate seeds 
of CatUeya in the dark, supplying sucrose in the nutrient medium, 
but he reported that germination was not possible under these 
conditions. The concentration of sugar was too low and the time 
of incubation probably not long enough. 

In all of these experiments attempts were made to germinate 
the seeds on nutrient media containing only the essential salts, but 
lacking in sugar. In all cases germination failed to occur. With 
seeds of CatUeya, no germination was noted even after two years on 
such media, despite the fact that the embryos were transplanted 
several times because of the tendency of the media to evaporate. 
The embryos became green after the first week or so, and gradually 
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increased in size, so that at the end of three months they were 
o.2-0.3 mm. in width, and at the end of a year some were found to 
be 0.5 mm. Beyond this, no further development was noted. 


What is the cause of 
this failure to germinate? 
Chlorophyll is apparently 
present; water is readily ab¬ 
sorbed ; delicate absorbing 
hairs may be formed; all 
of which indicate complete 
permeability to salts and 
gases. It appears likely 
that the chlorophyll does 
not function because of the 
lack of some internal factor 
which is essential for the 
photosynthetic process. 
This would be in line with 
the recent observations 
made by Briggs (2, 3) and 
others that the initiation of 
photosynthetic activity in 
young leaves is dependent 
on some internal factor. 



The photosynthetic activity 
lags behind chlorophyll 
development. The fact as 
reported by Briggs that the 





cotyledons of Helianthus 
after chlorophyll develop¬ 
ment do not show this delay 
in the photosynthetic pro¬ 
cess suggests that food 
materials are involved. 



Fig. 2. —Seedlings of CaUlcya germinated in 
dark; smaller seedlings on 4 per cent and larger 
ones on 2 per cent glucose; 4/5 natural size. 


The facts that the orchid seed has practically no reserve food, 
and that if germination proceeds to a certain stage the embryo 
becomes independent of any outside food, make the preceding 
hypothesis more plausible. 
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It is made apparent from a number of experiments that once 
germination has proceeded to a certain point, the seedlings become 
independent of sugar supplied by the medium and independent 
of any fungus. Seeds of Cattleya were sown on solution B + 2 
per cent sugar in the usual way. When the leaf point was just 
appearing, that is, when the embryos were about o,j-o.8 mm. in 
width, they were transplanted to flasks containing solution B or 
Pfeifer’s solution. No sugar was supplied. While slower than in 
those cultures with sugar, growth was continuous, and well devel¬ 
oped plants were obtained (fig. 3). These results have been noted 



Fig. 3.—Two-year old Cattleya and Ladia Cattleya seedlings on full nutrient solu¬ 
tions without sugar; 2/5 natural size. 


not only in these two cultures, but in many other cultures of like 
character. 

Summary. —These experiments lend further support to the 
hypothesis that the germination of orchid seeds is dependent on an 
outside source of organic matter. The effect of sugar on germination 
is that of a food, but when germination has proceeded to the stage 
when the leaf is just appearing, then subsequent growth may occur 
in the absence of any available organic matter in the nutrient 
medium. This leads to the idea that while the embryos possess 
chlorophyll, the photosynthetic process does not occur, probably 
owing to the lack of some internal factor. While these experiments 
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do not disprove the necessity of the fungus for germination under 
certain conditions, they do emphasize again the nutritional aspects 
of the problem. At the present time experiments are in progress 
on the so-called symbiotic germination, and the results thus far 
obtained lend support to the ideas expressed in my previous paper 
in respect to the function of the fungus. 

Cornell University 
Ithaca, N.Y. 
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EFFECT OF TEMPERATURE AND LIGHT ON 
CATALASE CONTENT OF SPIROGYRA 

W. E. BnsGE AND E. L. Bdkge 

(with two figtires) 

As a result of the work of Lavoisier (6) on animals, and of 
Priestly (7), Ingen-Housz (5), Senebier (8), and De Saussure 
(4) on plants, it is now known that both animals and plants in their 
respiratory processes take up oxygen from the air and give off 
carbon dioxide. There are many ways of increasing, as well as 
decreasing this oxygen absorption and carbon dioxide elimination. 
Exercise, food, cold weather, cold baths are some of the w^ays by 
which the gaseous exchange in animals may be increased, while it 
is decreased during rest, starvation, and anesthesia. The respira¬ 
tory metabolism in plants may also be increased or decreased in 
various ways, one of the most effective being by varying the temper¬ 
ature. Light produces only a slight increase in the respiratory 
metabolism of plants, although it is essential for photosynthesis (2). 

During the past several years we have found that whatever 
increases the respiratory metabolism in animals, whether it be 
food, exercise, cold baths, or cpld weather, invariably produces an 
increase in catalase, an enzyme possessing the property of liberating 
oxygen from hydrogen peroxide; and whatever decreases the respira¬ 
tory metabolism, as rest, starvation, anesthetics, decreases this 
enzyme. The object of the present investigation was to determine 
whether an increase or decrease in oxidation in a plant is accom¬ 
panied by a corresponding increase or decrease in catalase similar 
to that found to be the case in animals. It should be mentioned 
in this connection that evidence bearing on this point has already 
been furnished by Appleman (i) and Crocker and Harrington 
(3). Appleman found in the greening and sprouting of potatoes 
an increase in catalase corresponding with the increase in respi¬ 
ration. Crocker and Harrington found a similar relation be¬ 
tween catalase and respiration in the germination of seeds. 
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The plant used in this investigation was Spirogyra^ and the 
respiratory metabolism was decreased by lowering the temperature 
and increased by raising it. The effect of light was also studied. 
We were fortunate in having an almost inexhaustible supply of a 
practically pure culture of Spirogyra porticalis^ in a nearby lake. 
The lake was frozen almost continuously during the months of 
January and February, when most of the experiments reported 
in this paper were carried out. 

The catalase determinations were made as follows. The desired 
amount of Spirogyra was placed in a cloth and the excess water 
removed by squeezing. This material was then ground through a 
small hashing machine twice, and 1.25 gm. of it added to 15 cc. 
of neutral hydrogen peroxide at 18® C. in a bottle. The amount of 
oxygen liberated in twenty minutes was taken as measure of the 
catalase content. The bottles were shaken at a slow rate in a 
shaking machine during the determinations. 

On several successive days the ice on the lake was broken, 
Spirogyra collected, and catalase determinations made. It was 
found that 1.25 gm. of the macerated Spirogyra liberated on the 
average 27 cc. of oxygen from neutral hydrogen peroxide in twenty 
minutes, the greatest amount of oxygen liberated being 29 cc. and 
least 25 cc. A quantity of Spirogyra was removed in the ice-cold 
water to the warm laboratory (22° C.) and catalase determinations 
made immediately, after four, and after twelve days. The material 
which was used immediately liberated 29 cc. of oxygen from hydro¬ 
gen peroxide in twenty minutes; that kept in the warm laboratory 
for four days, 52 cc., and that kept twelve days, 62 cc. It may be 
seen that the removal of Spirogyra from the cold water of the lake 
where it had been during the winter to the warm laboratory resulted 
in more than doubling the catalase content in fourteen days. 
This is in keeping wdth the fact that the respiratory metabolism 
of plants is increased by raising the temperature. 

The object of the following experiments was to determine the 
effect of different temperatures and of artificial light on the catalase 
content of Spirogyra. A large quantity of Spirogyra was collected 
and brought to the laboratory in ice-cold water. It was found that 

* We are indebted to Dr. Stella Hague for identifying this species of Spirogyra. 
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1.25 gm. of this material liberated 31 cc. of oxygen from hydrogen 
peroxide in twenty minutes. The large batch of Spirogyra was 
divided into six portions, each of which was placed in 10 1. of lake 
water in a container 40 cm. in diameter. Three of the portions 
were placed in the dark at o®, 18®, and 30® C., while the remaining 
three were kept at the same temperatures and each exposed to a 
200 watt light with a frosted bulb at a distance of i m. Catalase 
determinations were made at certain intervals. The results are 
given in fig. i. 

5P/P06yeA /// WE LfGMT OPiPOGYPA /A THE DARK 



Fig. I.—Curves showing that rise in temperature increases catalase of Spirogyra 
in light as well as in dark, and that increase is greater in light than dark. 


There was no change in the catalase content of the Spirogyra 
kept either in the light or in the dark at o®, while there was an 
increase in that kept at 18® and 30® C., both in the light and in the 
dark. The increase in catalase of the Spirogyra kept in the light 
at 30® was greater than that kept in the dark at the same tempera¬ 
ture. This is in keeping with the fact that light, independent of 
the heat effect, produces an increase in the respiratory metabolism 
of plants. Two other similar experiments were carried out with 
essentially the same results. 
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In fig. 2 is shown the effect on the catalase of keeping Spirogyra 
under ordinary conditions of day and night at 18® and o® C. The 
Spirogyra that was kept at 18® was placed in the laboratory before 
a window where the sun could shine on it most of the day, while that 
kept at o® was on the roof. No change was produced in the catalase 
content of the Spirogyra kept at o®, while there was an increase in 
that at 18® C. After seventy-six hours, a part of the material 
that was being kept in the laboratory at 18® was lowered to a temper¬ 
ature of o® C., and the effect was to decrease the catalase greatly. 


Jp/po^r/A U/rm O/p/mPr Com/rmj or JIav mp ///orr 



T/Mr/n tioi/pj 

Fig. 2.—Curves showing that rise in temperature increases catalase of Spirogyra 
and a fall decreases it under ordinary conditions of day and night. 


Summary 

1. A fall in temperature produces a decrease in the catalase of 
Spirogyra^ and a rise in temperature an increase, in keeping with 
the fact that a fall in temperature decreases and a rise in temperature 
increases the respiratory metabolism of plants. 

2. Light also produces an increase in the catalase of Spirogyra, 
less extensive, however, than that brought about by a rise in 
temperature, in keeping with the fact that light is less effective than 
a rise in temperature in increasing the metabolism of plants. 
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3. Whatever increases or decreases the respiratory metabolism 
in animals produces a corresponding increase or decrease in catalase; 
From the work here reported and the work of others on the subject, 
it would seem that it is probable that this same relationship exists 
between catalase and the respiratory metabolism in plants. Hence 
the suggestion is made that catalase may be the enzyme in both 
plants and animals which is principally responsible for the respira¬ 
tory metabolism. 

University op Illinois 
Urbana, III. 
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DEVELOPMENT OF SEED OF LINARIA VULGARIS 

Melville T. Cook 
(with plate xvi) 

Linaria vulgaris is an introduced plant belonging to the Scrophu- 
lariaceae. It bears a large number of very small seeds, but probably 
reproduces most generally by means of vegetative organs. The 
embryo sac is located deep within the ovule, but the pathway of 
the pollen tube is well defined (figs, i, i8). The embryo sac devel¬ 
ops in the normal manner (figs. 2-5), and is bounded by well-defined, 
more or less cubical cells, which are richer in protoplasm than the 
other cells of the nucleus (figs. 2-7). The synergids and antipo- 
dals disintegrate very quickly. The polar nuclei unite in the normal 
manner, but triple fusion was not observed. 

The pollen tube passes through a very small canal, enlarges, and 
becomes very prominent after entering the embryo sac (figs, i, 
8-11). Fertilization was not observed, but probably occurs in 
the normal manner. The proembryo divides by two transverse 
walls, the two upper cells enlarging and developing into a spherical 
embryo, and the lower cell developing into a long suspensor con¬ 
sisting of a single row of cells (figs. 16, 17). This spherical embryo 
gives rise to the cotyledons and other structures (fig. 17), and at this 
period bears a striking resemblance to the corresponding stage of the 
embryo of Capsella bursa-pastoris. The development of the cotyle¬ 
dons is unequal, one starting somewhat in advance of the other 
and developing into a slightly larger organ (figs. 19-21). A cross- 
section of the embryo just below the cotyledons at this stage shows 
the fibrovascular bundle of one developing a little in advance of 
the other (fig. 20), and successive sections farther up show that 
one cotyledon is always slightly larger than the other (fig. 2ia-d). 

The endosperm is much more interesting, and may develop 
although the embryo does not. In fact, the majority of seeds are 
without embryos. In some cases all the seeds in an ovary may be 
without embryos. The development of the endosperm, however, is 
the same regardless of the presence or absence of the embryo. In 
225] [Botanical Gazette, toL 77 
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some cases the pollen tube enters a sac in which no embryo is formed 
(fig. ii), but in most cases it is doubtful whether the ovule is pene¬ 
trated by the pollen tube. The endosperm is of the cellular type, 
and the walls are well defined. The first division is transverse 
(figs. 9~ii). After this, the development of the endosperm is 
from the cell next to the micropyle, which undergoes repeated trans¬ 
verse and longitudinal divisions (figs, ib, 12-15). The cells of the 
endosperm at this stage tend to shrink in most cases from the action 
of the killing fluid, and give very much the appearance of an embryo 
in those ovules in which there is no embryo. In fact, the resem¬ 
blance is so striking that the writer was deceived for some time. The 
nucleus in the antipodal end of the sac divides, but no wall is formed. 
The two nuclei lying side by side have very much the appearance 
of two polar nuclei, and help in the deception (figs. 12-15). The 
writer was unable to determine their final fate, but it is doubtful 
whether they serve any further function. A division of the sac 
into two chambers and the development of the endosperm in the 
micropylar end of the sac have been described for many species 
among both monocotyledonous and dicotyledonous plants, including 
the Scrophulariaceae. The behavior of the endosperm nucleus in 
the antipodal end of the sac varies in diflerent species; in some 
there is little or no change, in others there is an enlargement, in 
others a division into two or three nuclei, and in others a disintegra¬ 
tion. The endosperm of L, vulgaris finally develops into a compact 
mass of small cells with thin but well defined walls. These cells 
are rich in protoplasm until or just before the starting of the 
cotyledons (fig. 18), when the protoplasm and nuclei begin to dis¬ 
appear and starch is formed in great abundance. The nucellus dis¬ 
appears very rapidly, and at the time of the beginning of the cotyle¬ 
dons it is reduced to a single layer of cells which persists in the 
mature seed (figs. 18, 19, 22). 

The mature seed consists of a very long embryo with short 
unequal cotyledons (fig. 19), imbedded in a mass of endosperm 
consisting of large cells filled with starch (figs. 19, 22), surrounded 
by a single layer of nucellar cells which are rich in protoplasm; all 
of which is surrounded by a seed coat. This seed coat consists 
of large thin-walled cells containing practically no food or proto¬ 
plasm, and an outer layer of large thick-walled pitted cells. 
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This work was done at the New York Botanical Garden while 
the writer was on leave of absence from Rutgers College. 

RirroERS College 

New Brunswick, NJ. 

EXPLANATION OF PLATE XVI 

Fig, I. —Ovule, showing embryo sac and pollen tube canal through 
nucellus. 

Fig. 2.—One-celled embryo sac. 

Fig. 3.—Two-celled embryo sac. 

Fig. 4.—Four-celled embryo sac. 

Fig. 5.—Eight-celled embryo sac. 

Fig. 6.—Nucellus at time of completion of embryo sac (i, inner wall; 
(7, outer wall). 

Fig. 7.—^Embryo sac just before fertilization; no union of polar nuclei. 

Fig. 8.—^Embryo sac just after fertilization; endosperm nucleus has under¬ 
gone first division; also showing pollen tube {pt). 

Fig. 9.—^Embryo sac with one-cellcd embryo, pollen tube, first division 
of endosperm nucleus and wall. 

Fig. 10—Same as fig. 9, but also showing division of endosperm nucleus 
next to micropyle, but with second wall as yet unformed. 

Fig. II. —First division of endosperm nucleus; no embryo; pollen tube 
present. 

Fig. 12.—Endosperm but no embryo; note two nuclei formed from divi¬ 
sion of endosperm nucleus in antipodal end of embryo sac. 

Fig. 13.—Same as fig. 12 but slightly older. 

Fig. 14.—Same as fig. 13 but slightly older. 

Fig. 15.—Same as fig. 14 but slightly older. 

Fig. 16.—Three-celled embryo. 

Fig. 17.—Spherical embryo with long suspensor. 

I'lG. 18.—^Diagram of seed, showing young embryo (e). endosperm (ewi), 
nucellus (»«), and seed coats (5c). 

Fig. 19.—Same as fig. 18, but showing older embryo. 

Fig. 20.—Cross-section of embryo just below cotyledons; shaded part 
indicates fibrovascular bundle in older cotyledon. 

Fig. 2ia, ft, Cy d. —Four successive cross-sections of embryo as in fig. 20; 
a, same as fig. 20; others in cotyledon region showing differences in two 
cotyledons. 

Fig. 22.—Section of fig. 20, showing endospem, nucellus, and seed coat. 
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CHARLES FREDERICK MILLSPAUGH 
(with portrait) 

Charles Frederick Millspaugh was born in Ithaca, New York, 
in 1854, and died at Chicago, Illinois, in 1923. As a child he displayed 
a strong interest in outdoor sports and in objects of natural history. 
It is related that in early boyhood he attracted the notice of the great 
Louis Agassiz when the latter was fishing near Ithaca, this chance 
meeting soon ripening into a lasting friendship between the two. A 
nephew on his maternal side of Ezra Cornell, the founder of Cornell 
University, he spent the years 1872-75 as a student at Cornell. A 
few years later he went to the New York Homeopathic Medical College, 
where he was graiited the degree of Doctor of Medicine in 1881. 

For nine years following the receipt of his doctorate he practiced 
medicine in Binghamton, New York. Early during this period, however, 
he appears to have been lured by the charm of plant study. As with 
Torrey, Gray, Engelmann, and so many other pioneers of American 
botany, his work along medical lines rapidly came to be eclipsed by an 
absorbing interest in plants. In 1887 he published his extensive work 
on American Medicinal PlwrUSj one of the monumental American works 
in its line. This work was, issued in ten volumes, with a total of one 
hundred-eighty full page colored plates delineated and painted by him¬ 
self. Only those who have essayed to portray plants on such a compre¬ 
hensive scale can appreciate the immense amount of labor that these 
plates represent. Their beauty and fidelity to nature are a credit, not 
only to the ability and accuracy of their artist, but also to the able 
instruction received from his father, John Hill Millspaugh, to whom 
he publicly eiqiressed his indebtedness for whatever he might possess 
“of art in coloring and drawing.” 

In 1891-92 he was Professor of Botany at the University of West 
Virginia, forming an intimacy with the flora of that state which found 
expression in various papers, the most extended being his Freliminary 
Catalogue of the Flora of West Virginia (1891) and his Flora of West 
Virginia (Edit. I, 1896; Edit. II, 1913). In 1894 he was made Curator 


228 



■ CHARLES FREDERICK MILLSPAUGH 




BRIEFER ARTICLES 


229 


1924 ] 

of Botany at the Field Museum of Natural History, Chicago, where 
he remained until his death. In rapid succession he produced various 
works of a taxonomic nature. These dealt chiefly with the North Ameri¬ 
can Euphorbiaceae, the floras of Yucatan, the Bahama Islands, St. 
Croix and others of the West Indies, and Santa Catalina Island. Nor 
did he refrain from activities in the field. At various times he collected 
in different parts of the United States from Massachusetts to Cali¬ 
fornia, in the West Indies, Mexico, Brazil, and elsewhere. His plant 
labels at the Field Museum show that he made no less than four trips 
to Yucatan. In 1911-12 he made a journey around the world. Experi¬ 
enced at collecting and expert as a photographer, he returned with a 
vast number of specimens and photographs of scientific interest. 

During his long and active botanical career many honors were 
bestowed upon him. He was Professorial Lecturer in Botany at the 
University of Chicago in 1895, and later was Associate Professor of 
Economic Botany at the same institution. In 1896 he was made Pro¬ 
fessor of Medical Botany at the Chicago Homeopathic Medical College. 
He was a Fellow of the American Association for the Advancement of 
Science, of the Faculdad dc Medicina, Mexico, and the Faculdad de 
Medicina, Brazil; a member of the Torrey Botanical Club, the Explorers^ 
Club of New York, Sigma Xi, and many other societies. In recent 
years he was a dominant figure in the American Wild Flower Preservation 
Society. 

Toward the close of 1919, in an effort to recuperate his physical 
strength after a serious operation, he went to the Island of Santa Catalina, 
California. There he collected many specimens of plants, took numerous 
field notes and photographs, and laid the foundation for his Flora of 
Santa Catalina Island^ which he published in collaboration with L. W. 
Nuttall in January, 1923. This was his last published work. 

The great herbarium and plant exhibits organized at the Field 
Museum under his personal direction will long pay eloquent tribute 
to his energy and enthusiasm. Probably nowhere else among the larger 
herbaria of the world are the plants so thoroughly indexed as to data 
of collection. During the past decade there have been made and installed 
at the Field Museum many beautiful and justly famous models of repre¬ 
sentative plants, which have proved at once the marvel and delight of 
visiting botanists from all quarters of the globe. He labored indefatigably 
to assemble at the Field Museum a great collection of valuable materials 
that some day should make Chicago a foremost center of taxonomic 
research. 
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To the younger generation of American botanists Dr, Millspaugh 
was known mainly by reputation, for, busied with the many administrative 
tasks incident to his work, he often had to forego attendance upon 
conventions of fellow scientists. A full six feet in stature, of erect 
carriage and decisive manner, he possessed a strong and positive person¬ 
ality not soon to be forgotten by those who knew him. Accurately to 
appraise his various qualities and powers as a botanist would be well-nigh 
impiossible, nor would the writer, biased with the warm friendship that 
comes from an acquaintance and close personal contact during the past 
twelve years, feel equal to such a task. True it is, however, that Dr. 
Millspaugh’s death marks the departure of an able taxonomic worker 
and one of America’s most brilliant organizers of museum displays. 
—E, E. Sherff. 


USE OF NEGATIVE PRINTS FOR COMPARING 
MICROSCOPIC STRUCTURES 

(with one figure) 

Recently the little used method of making photographs directly 
on sensitive paper has been found very satisfactory at the Forest Products 
Laboratory for obtaining enlarged photographs of wood structure for 
study.* Such photomicrographs made from very thin sections of wood, 
mounted in the usual manner, furnish permanent, easily available 
records of material investigated. They permit study and direct compari¬ 
son of the minute structure at any desired magnification without the 
aid of a microscope. The photographs are negative of course, but this 
does not affect their usefulness; in fact, it has some advantages. 

Permanent or temporary slide mounts may be used. In this case, 
permanent mounts of thin sections of wood, 10-20 /x/i in thickness were 
photographed. These sections were colored with selective stains, using 
contrasting cardinal colors, such as reds and blues. As wood elements 
have an affinity for some colors with varying degrees of absorption, 
differential coloring was produced which showed as white, black, or 
intermediate grays in the photomicrographs. 

In connection with a study on the occurrence of brashness in wood, 
it was found necessary to measure the areas occupied by the wood fibers 
on cross-sections of the wood in over one hundred microscopic sections 

'Assistance in preparing photomicrographs was given by Dr. M. E. Diemer, 
chemist and photographer at the Forest Products Laboratoiy. 
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of the wood of white oak. In the photomicrographs the fiber areas 
(white in the photographs) were clearly differentiated. An ordinary 



Fig. I. —Negative print of cross-section through portion of two growth rings of 
white oak; P, pore; R, ray; P, wood fiber area. 

Dietzgen polar planimeter was used to measure these areas. Simple 
calculations gave the percentage of wood fiber area for each section. 
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Ordinarily, exposures are made on commercial dry plates or films 
from which later positives prints are obtained. The procedure adopted 
here dispenses with this step. It is inexpensive, a great time saver, 
and comparatively simple. The photomicrographic equipment used 
consisted of a carbon arc lamp on a 2 20-volt circuit, its housing, a micro¬ 
scope of the large-barrel type, a camera bellows, and focusing screen of 
ground glass. Only an objective is necessary with the microscope for 
lower magnifications. The equipment must be rigid and all parts in 
proper relative adjustment to secure sharp photographs. A long bellows 
is best, as it permits working whoUy within the light circle and allows 
large plates to be covered. 

Essentially, the process involves the making of negatives on ordinary 
photographic printing paper placed behind a clear glass in the plate 
holder. The exposure varies from 25 to 50 seconds, depending on 
intensity of light and thickness of wood sections. These negative prints 
are treated in the dark room in the same manner as paper which has 
been exposed behind the ordinary negative. For most work glossy 
prints are preferable. 

Approximately the same conditions of light and shadow in the wood 
as are apparent to the eye are reproduced; that is, the pores are dark 
and the rays are light or white. Only the wood fiber areas are nega¬ 
tive; they appear lighter than the surrounding tissues in the photo¬ 
graph, whereas on the end grain of a piece of oak they appear darker. 
The interchange of black and white by the use of negative prints is an 
advantage over the ordinary print in demonstration work, for the reason 
that the picture more nearly simulates actual conditions on viewing the 
end grain of the wood itself.— Reuben W. Smith, Forest Products Lab¬ 
oratory, Madison, Wis, 



CURRENT LITERATURE 

BOOK REVIEWS 
Researches on fungi 

The observations and experimental studies reported in Buller’s Researches 
on fungi, published in jqoq, have been continued, and so amplified that the 
original volume is now to be only the first of four. The second volume* has 
recently appeared, and the remaining two are said to be in an advanced stage of 
preparation for the press. 

The study of the problem of spore discharge in the Itymenomycetes is 
continued. It is shown that each spore has a slight projection, the hilum, 
just above the point of attachment to its stcrigma and ix)inting toward the 
central axis of the basidium. f'rom the hilum, just before spore discharge, 
a tiny drop of fluid is extruded. This drop is always carried away with the 
spore. What changes occur in the spore and in the basidium at this time, add 
exactly how the violent spore discharge is brought about, remain to be dis¬ 
covered. The violent discharge itself is shown to occur not only in agarics, 
but in species belonging to the related families Polyporaceae, Clavariaceae, 
Hydnaceae, and Thelephoraccae, and also to the gelatinous families Tremel- 
laceae, Dacryomycetaccae, and Auriculariaceae, and to the rusts, and is prob¬ 
ably characteristic of all basidia lx>rne in an cxjx>sed hymenium. Detailed 
discussion of the discharge in some of these groups is reserved for the future 
volumes. It is pointed out that the tremcllaceous groups, in spite of their wide 
separation phylogcnetically from the Hymeniales, have not only developed a 
similar mechanism for spore discharge, but have evolved pilcate forms with 
spines, pores, and even gills, thus furnishing a striking illustration of phyletic 
convergence. 

T'he major part of the volume is devoted to a careful analysis of the hymenium 
in agarics. Two distinct types are recognized: the non-Coprinus or Aequi- 
hymeniiferous type, and the Coprlnus or Inaequi-hymeniiferous type. In the 
former tyixj, which includes all genera of agarics except Coprlnus, the gills are 
wedge-shaped in section and are positively geotropic; hence in a normally ori¬ 
ented hymenium, every part is directed toward the center of the earth. Spores 
are liberated from every part of the gills throughout the period of spore dis¬ 
charge, which may continue for several days, and each spore, on its discharge, 
is shot perpendicularly into the intcrlamellar space for a distance of o.r-0.2 mm., 

* Buller, a. H. R., Researches on fungi. Vol. II. Further investigations upon 
the production and liberation of spores in Hymenomycetes. 8vo. pp. xii-h492. Jigs. 
1 ST- London: Longmans, Green, & Co. 1922. 
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after which its trajectory changes abruptly and it drops at a uniform rate to 
the outer air, where it becomes subject to air currents. 

In the Copfinus typ>e of fruit body the gills are relatively thin, with sides 
almost or wholly parallel, and do not respond to the stimulus of gravity; hence, 
under natural conditions, part of the hymenium may be directed upward. 
The basidia are not matured simultaneously on all parts of the gills, but from 
below upward, so that all the basidia on a given level ripen their spores before 
the spores on the basidia above them have matured; hence the spores are dis¬ 
charged in regular succession, beginning at the bottom. As the zone from which 
the spores have been discharged advances from below upward on each gill, it is 
immediately dissolved by a process of autodigestion. The pileus flesh is thin 
and is also subjected to autodigestion after the spores have been discharged. 

Each of these types is subdivided into several subtyp>es, and nearly half of 
the volume is devoted to a detailed consideration of the organization of the 
hymenium in Panaeolus campamdatus^ Anellaria separata^ and Psallioia campes- 
tris, all representing the Panaeolus subtype of the Aequi-hymeniiferae. 

The author points out that no really satisfactory drawing of the hymenium, 
showing accurately the space relations of the hymenial elements one to another, 
has heretofore been published; that the behavior of a basidium after its spores 
are shed has never been followed; and that the distinction between basidia 
and paraphyses, and the r 61 e played by the latter ele7nents, have been vague 
and uncertain. These deficiencies he supplies, publishing numerous beautiful 
illustrations and drawings, of which special reference should be made to figs. 96 
and 147, illustrating the hymenium of Panaeolus campanulatus and of Psallioia 
campestris respectively. lie shows that each basidium bears but one set of 
spores and then collapses, and that the paraphyses may, with ordinary care, be 
distinguished satisfactorily from the developing basidia. It is shown that as 
the basidia of successive generations collapse after discharging their spores, 
the paraphyses enlarge and becoiAe more and more prominent, thus keeping the 
hymenium turgid until the period of spore discharge, which may last for a week 
or more, is brought to its conclusion. 

Other matters treated include xerophytism in tremelloid and non-tremelloid 
fruit bodies, variation in Coprinus and Marasmiusy and squirrels and slugs as 
mycophagists. In keeping with its character, the book is notably free from 
typographical errors, and its one hundred fifty-seven illustrations are admirably 
selected, beautifully executed, and always pertinent.—G. W. Martin. 

Saprolegniaceae 

The results of many years of study of the water molds are brought together 
in a monograph by Coker’ giving an account of all known species, with figures of 
all forms that he has observed in the living state. These illustrations cover 63 
full page plates of excellent ink drawings, and constitute a very important part 

* CoxER, W. C., The Saprolegniaceae, with notes on other water molds. Uni¬ 
versity of North Carolina Press, pp. 201. pis. 63. 1923. 
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of the contribution, especially since there are shown for each species usually a 
number of stages in the life history. This is the first extensive treatment of this 
group of fungi as a whole since Humphrey’s monograph of 1893 and Fisher’s 
account of 1892 in Rabenhorst’s Flora. 

I'hirty years have added much of cylological and physiological interest, 
which shows itself in the character of the taxonomic treatment. For example, 
the description of Saprolegnia ferax with its synonymy, distribution, and 
references to other illustrations covers less than one and a half pages, but then 
follow five pages chiefly given to a discussion of the behavior of this si)ecies 
when grown under various cultural conditions. As regards taxonomic practice, 
it would appxiar that some s{)ecies of water molds can with certainty be identified 
only after cultural tests. 

Throughout the monograph there is frequent reference to the behavior of 
species when grown in various media. I'his is interesting reading, but one 
wishes that some general conclusions had been formulated and brought together 
on the effects of physiological conditions, since these seem to play so important 
a part in the expression of the plant’s morphology. There are also numerous 
references lo points of cytological interest in connection with particular species, 
but no general summary covering this matter for the group as a whole. The 
subject of chondriosomes receives considerable attention. The seasonal 
habits of a number of species are described and compared from extensive 
observations based chiefly on collections from the vicinity of Chapel Hall, North 
Carolina. In this more moderate climate there is no closed season, and water 
molds may be found in open water throughout the winter. This contrasts with 
the findings of Peterson from studies in Denmark, where the colder winters 
generally confine the species to the months of spring, summer, and winter. 

In all some 60 species arc described from the author’s personal studies, and 
quotations are given from descriptions of about 30 other species not known to 
America. Several pages and two plates, devoted to fungus parasites upon the 
water molds, will be welcomed by students of the group. The bibliography 
lists 234 titles.— 13 . M, Davis. 

Heredity and chromosomes 

A good translation into German makes available to a much wider constitu¬ 
ency Stomps’^ recent work in Dutch on heredity and cytology. This is a readily 
intelligible account, and while no new ground is broken, the collection of 
material and the mode of presentation make it a useful book. 

It is divided into three parts: the first, a treatise on the cell, ceU division, 
and the reduction division; the second, entitled heredity, but really a short 
account of de Vries’ intracellular pangenesis theory, with evidence regarding 
the functions of the nucleus; and the third, a more lengthy exposition of the 
relation of chromosomes and heredity. As regards cell division, the author 

i Stomps, Theo. J., Erblichkeit und Chromosomen, pp. viii-l-158. figs. 24. Jena: 
Gustav Fischer. 1923. 
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claims that, owing to the accompanying vacuolization and the increase and 
decrease in vacuole size as regards nuclei, chromosomes, and protoplasm, mitosis 
may be regarded as an osmotic phenomenon. He considers that the pulling 
fibers may be permanently united between the chromosomes and the general 
protoplasm of the cell, although not visible in the resting stage. He holds with 
Gates that in the reduction division both telosynapsis and parasynapsis are 
possible. The material of the third part is presented chiefly in the form of an 
account of the classic researches of Boveri and Herbst on sea urchins, and of 
Morgan ’and Bridges on Drosophila, He considers that Morgan’s work will 
convince all reasonable people that the physical basis of Mendelian properties 
in Drosophila is in the chromosomes, and that what is true of this species must 
be the case with all others. Mendelism itself receives scant attention and that 
near the close of the book. This treatment would appear to be both a defect 
of proportion and a cause of difficulty to readers unfamiliar with the subject. 

In general, however, the book is well written, and the historical method 
of presentation, which has been adopted throughout, has been cleverly utilized. 
It should prove very useful to those who require a simple, accurate, and up- 
to-date account of the chromosome theory of heredity.—R. O. Earl. 

Plant biology 

In a text book intended primarily for medical students and others who do 
not intend to continue the study of botany, Tansley^ has arranged carefully 
selected material in a decidedly attractive manner. 

After a brief introductory chapter, the author discusses organic substances 
and their chemical characters, and then the physical nature of organic sub¬ 
stances, including the differences between crystaloids and colloids, gel formation, 
and the processes of diffusion and osmosis. The remainder of the book makes 
a survey of plant forms from Protocoeem through the customary groups to 
the flowering plants. Type plsftits are taken with a view to using them as a 
basis for the discussion of biological principles. The student should have a 
fair understanding of such principles and the essential life processes of plants 
rather than detailed knowledge of plant structures and plant classification at the 
close of the book, which seems a very desirable result. The book is clearly and 
interestingly written, and seems thoroughly modem in the subject matter 
presented and the information imparted. Practical exercises are appended 
to each chapter. The book is by all means the best presentation of plant biology 
that has come to the attention of the reviewer. Used in conjunction with a 
corresponding book on elementary animal biology, as is the author’s intention, 
it would make a very strong course. I'he zoological portion of the course at 
Cambridge covers the matter of heredity and evolution, which subjects are 
only briefly touched upon in this volume.—^E, R. Downing. 

^Tansley, a. G., Elements of plant biology. London: George Allen & Unwin 
Ltd.; New York: Dodd, Mead & Co., pp. 410. figs. 61. 1922. $4.00. 
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NOTES FOR STUDENTS 

Geotropism. —During the last few years a number of papers dealing with 
this phenomenon have appeared. Cholodnyjs has advanced a theory of 
geotropism in which he connects positive and negative geotropism with the 
existence in the cells of negatively charged microsomes. Being large particles, 
they tend under the influence of gravity to become more concentrated on the 
under side of the cell in the case of horizontally placed organs, thus causing the 
accumulation there of a greater negative charge of electricity. The negative 
charge attracts the metallic ions that arc present, and they move to the lower 
part of each cell. Since the univalent ions migrate more rapidly than the 
bivalent, however, the ratio of univalent ions to bivalent ions changes, becoming 
smaller in the upper part of the cell, and larger in the under part. Reasoning 
from facts already established as to the colloidal and physiological effects of 
univalent and bivalent ions, the author draws a picture showing how this change 
in the ratio causes the two sides of the cell to differ in certain physical properties, 
and how permeability differences arc set up, so that the under side of the cell 
grows faster than the upper. Thus negative geotropism results. In the case 
of positive geotropism, it is assumed that the microsomes are of different sizes, 
and that there is a sorting of them under the influence of gravity. This sets 
up a stronger electromotive force in the upper part of the cell. The theory is 
frankly advanced as a working hypothesis, and is evidently intended to stimu¬ 
late research. 

Jaccard^ asks the question whether the unilateral growth of the trunks of 
trees, which results when a tree is displaced from its normal position with regard 
to gravity and which brings it back into its proper alignment with gravity, is 
the result of geotropic or phototropic stimulus perceived by the apex, and 
transmitted back to the growing region, or whether the stimulus results from 
the tensions and compressions which arc caused by the inclining of the stem. 
Jaccard studied a number of cases of geotropic response, and comes to the con¬ 
clusion that the tensions and compressions are the main cause of unilateral 
growth. He recognizes, however, the complexity of the problem, and admits 
that the orienting forces, gravity, radiation, etc., and other forces, have a part 
in determining the form of plants. 

Lynn 7 is able to bring about a reversal of geotropic response of Helianthus 
seedlings, by subjecting them to various percentages of carbon dioxide, 
and offers this in support of Small^s* hydrion theory of geotropism. 

s Cholodnyj, N., Zur Theorie des Geotropismus. Beih. Bot. Centralb. 39:222- 
230. ^1922. 

^ Jaccard, M. P., Sur le mecanisme du redressement geotropique de la tige des 
arbres. Rev. Gen. Bot. 34:433-441,481-488, 529-537. 1922. 

^ Lynn, M. J., The reversal of geotropic response in the stem. I. The effects of 
various percentages of carbon dioxide. New Phytol. 20:116-122. 1921. 

* Small, J., A theory of geotropism with some experiments on the chemical 
reversal of geotropic response in stem and root. New Phytol. 19:49-63. 1920. 
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Attempts to repeat this work with Helianthus have not been successful in 
producing reversal of normal geotropism, however, and the results reported 
by Lynn should be confirmed before placing reliance upon them. Schulz,’ 
in the case of flowers, finds that the peduncles perceive and react geotropically. 
Removing the bud or any of its important parts, or wounding the bud destroys 
the normal action in response to gravity. Experiments with other plants are 
also reported. Trondle“ shows that in the case of Lepidium radicles, the 
sine law holds without any limitation. Darwin doubted whether fern fronds 
had the power to respond to gravity, but Prankerd” shows that ferns have 
this power, and that the reason that Darwin did not detect it was owing to their 
unusually long reaction time, and to the fact that they early lose their geotropic 
irritability. 

This brief reference to a number of papers perhaps will show something of 
the nature of the present work in the field of geotropism. Our knowledge of 
it is still largely in the theoretical stage, and the experiments deal largely with 
superficial phases of the subject. With so much work going on, however, we 
should soon get back to some of the ph)rsical and chemical fundamentals of the 
phenomenon.— S. V. Eaton. 

Interspecific hybrids in Crepis.—genus of many species, some of which 
have a low chromosome number and w'hich may be crossed, forms promising 
material for an attack on some of the fundamental problems of botany: 
chromosome individuality, heredity, the evolution of chromosome number, and, 
in a limited way, the origin of species. Such a genus is Crepis^ with species 
with 3,4, 5, 6, 8, and 20 pairs of chromosomes respectively. In several of these 
a start has been made in the determination of specific hereditary characters. 
Recently, Collins and Mann** have obtained hybrids between a 3-pair and 
a 4-pair, and between a 4-pair and a 20-pair species. 

C. capillar is has three pairs of chromosomes, one long, one short, and one 
intermediate, C. setosa has four pairs, one long with a semi-detached end, two 
intermediate, and one very short. In the F, seven chromosomes are found, 
the long capillaris, and the very short and the semi-detached setosas being 
readily distinguished. 


9 Schulz, Helene, tJber Korrelationen zwischen den Blutenteilen und den 
geotropischen Bewegungen der Blutenscliafte, nach Untersuchungen insbesondere an 
Papaver. Jahrb. Wiss. Bot. 6o;i-66. 1921. 

wTrondle, a., Untersuchungen fiber das Sinusgesetz bei den geotropischen 
Reaktionen von Lepidium. Jahrb. Wiss. Bot. 60:295-306, 1921. 

“ Prankehu, T. L., On the irritability of the fronds of Asplenium bulbiferuntj with 
special reference to graviperception. Proc. Roy. Soc. London B. 93:143-152. 1922. 

“ Collins, J. L., and Mann, Margaret C., Interspecific hybrids in Crepis. II. 
A preliminary report on the results of hybridising C. setosa Hall, with C, capillaris (L.) 
Wallr. and with C. hknnis L. Genetics 8:212-232. figs. p. 1923. 
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In somatic characters, C. seiosa is predominant in nearly all respects. In 
the pollen mother cells the chromosomes arc unpaired in diakinesis, and the first 
meiotic division is very irregular. Three, 4, 5, or 6 microspores may result, and 
no back crosses were obtained when the F, was used as the pollen parent. 
Some of the ovules are functional, however, and five plants were obtained on 
crossing back with C. setosa. Two had 10, two 8, and one 7 chromosomes in 
root tip cells. Only one of these has flowered, and here the reduction division 
occurs normally. Indeed the plant is t)rpically C. seiosa in general and in chromo¬ 
some appearance. The plant with 7 chromosomes resembles the Fi in every 
way. Although the authors make no mention of it, one would suspect apogamy 
here. Some interesting speculations are made as to the possibilities with the 
other forms. The results obtained are in general accord with similar work on 
such hybrids. 

The setosaXbiennis cross revealed some distinctly new phenomena. The 
disparity in chromosome number, 4-20, is surprising. Stranger still is it that 
the reduction division should be found so nearly normal. It has been considered 
that in hybrids between species of different chromosome numbers the maternal 
and paternal chromosomes always pair, leaving the extra chromosomes as 
univalents, but here as many as 10 bivalents are readily distinguished in 
diakinesis. It is evident, therefore, that since C. setosa contributes but four, 
those from C. biennis must have paired with one another. This indicates a 
qualitative similarity among what would be considered non-homologous 
chromosomes, and suggests that C. biennis is a polyploid species. The authors 
assume that it is octoploid, 5 being the basic number. 

The univalents lag in the anaphase, and arc irregularly distributed. Fa 
plants have 24 or 25 chromosomes. It may be ix)ssible to produce stable 
11-pair or 12-pair species. Back crosses with each parent have been obtained, 
from w^hich it is hoped to obtain stable races with such haploid chromosome 
numbers iis 10,12,14,16, and 30. It would thus appear that breaks in chromo¬ 
some number series may be caused by hybridization rather than by non¬ 
disjunction. 

This report is remarkable as much for its speculations, which are in a fair 
way to be tested, as for its actual data. Further information will be aw^aited 
with interest.—R. 0 . Earl. 

Aluminum and iron in relation to root rots.— ^Hoffer and Carr*3 have 
attempted to establish a connection between the root rots of com and the 
presence of accumulations of aluminum and iron in the nodal tissues of the 
plants. Characteristic purplish brown discolorations of the vascular bundles 
at the nodes are not always associated with fungous infection, but can be 

** Hoffek, G. N., and Carr, R. H. Jr., Accumulation of aluminum and iron com¬ 
pounds in com plants, and its probable relation to root rots. Jour. Agric. Res. 10: 8oi~ 
823. 1923. 
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produced artificially by injection of aluminum and iron salts into healthy 
plants, and are believed to be due to the accumulated metallic compounds. 

Soils lacking in calcium and available phosphates are especially likely to 
produce root rotted corn, and the diseased stalks are found richer in iron and 
aluminum than the healthy stalks. Treatment of soils with acid phosphate 
helps to overcome the tendency to root rot, and potash is particularly valuable 
in preventing nodal injuries. 

Various soils have been tested by Hoffer and Trost,*^ who report that 
the roots of plants grown in soils treated with aluminum chloride were very 
badly rotted by Fusarium tnoniliforme. They find that different strains of 
com vary in their ability to absorb aluminum, and that strains which absorb the 
metals most freely are more susceptible to inoculations of root rot organisms. 

The evidences for accumulation of iron in the nodes are drawn from quali¬ 
tative colorometric tests, which are not very convincing. These observations 
should have been supported by macrochemical analyses which would have 
proved or disproved the presence of greater amounts of iron in the nodes of 
plants showing discolorations. Unpublished results of experiments conducted 
in the Hull Botanical Laboratory show that stalks infected with Diplodia zeae 
as the root rotting organism, always take up less aluminum than healthy 
plants.—J. C. Ireland. 

mtrate and top-root growth ratios.—^The effect of increased nitrate content 
of the nutrient solution upon the ratio of top growth to root growth has been 
investigated by Turner,^ who finds that in barley and corn the ratio of tops 
to roots is increased significantly with the increase in nitrate concentration of 
the nutrient solution. The effect is independent of total concentration, and 
hydrogen ion concentration of the solution. Flax, however, failed to show such 
an effect of nitrates. The nitrates do not retard root growth directly, but will 
increase the root growth if carbohydrates are present for the root nutrition 
with the nitrates. The effects noted are explained by supposing that the in¬ 
creased nitrate supply leads to greater use of carbohydrates by the tops, and 
this deprives the roots of part of their necessary carbohydrates. A relative 
reduction of root growth follows.—R. B, Dustman. 

Hoffer, G. N., and Trost, J. F., Accumulation of aluminum and iron com¬ 
pounds in corn plants, and its probable relation to root rots. II. Jour. Amer. Soc. 
Agron. is *.523 t 33 i . 1923. 

Turner, J. W., Studies of the mechanism of the physiological effects of certain 
mineral salts in altering the ratio of top growth to root growth in seed plants. Amer. 

Jour. Bot. 9:415-445- 1922. 
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John Woodard 

The prairie province, which extends from Texas into Canada, 
covers the western part of Minnesota, but farther south extends 
eastward across Iowa, Illinois, and southern Wisconsin into the 
western part of Indiana. Atwater (2) described a few isolated 
areas of prairie in Ohio, but nearly all of Ohio, as well as the greater 
part of Indiana, was forested when it was first settled by white 
men. The prairies extend almost down to the Ozark Hills in Illinois 
and almost to the Missouri River in central Missouri. South of the 
Missouri River they extend a short distance into southwest Mis¬ 
souri, but farther south they do not reach the eastern boundary of 
either Oklahoma or Texas. Some areas of prairie are found along 
the Gulf Coast in Louisiana and farther north in Mississippi and 
Alabama. 

In the study of any prairie region, it is neceSvSary to determine 
the conditions at the time of the prairie’s origin which favored the 
invasion of a grass rather than a tree vegetation. As most of the 
prairies had their origin thousands of years ago, one can readily see 
that it is not easy to recognize all the conditions that influenced the 
course of plant succession. It is not necessary to assume tliat all 
prairies originated under the same conditions; in fact, it seems cer¬ 
tain that they did not. The same effect may be the result of causes 
which differed more or less. It is necessary also to consider tlie 
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conditions that have been in operation since the origin of the prairie. 
It does not necessarily hold that an area which has been occupied 
by prairie grasses will remain a prairie indefinitely. It is possible 
that the conditions in some places may not prevent the invasion of 
a prairie by forests, but may make the invasion very slow. Such 
places will remain as prairies for a much longer time than areas in 
which the conditions favor a more rapid invasion of prairie by 
forests. In a typical “grassland climate,” such as is found in the 
main part of the prairie province, it is reasonable to suppose that 
the vegetation has reached a fairly static condition, and that there 
will be little change so long as the climate remains fairly constant. 
On the other hand, in Illinois, which is in a “woodland climate,” 
it may be that the forests are invading the prairies, and that the 
prairies remain because the conditions prevent a rapid invasion, 
and the time since the origin of the prairies has been too brief for 
their complete occupation by forests. 

Previous investigations have shown that prairies generally have 
a xerophytic vegetation; that the evaporation rate is much higher 
there than in adjoining forests, while the soil moisture content is 
much lower; and that, after the prairie is formed, it is difficult for 
tree seedlings to become established, except along forest borders and 
on eroded slopes. This paper reports an attempt to determine the 
conditions which favored the invasion of this region by grasses rather 
than by trees at the time the prairies were formed, and also attempts 
to determine the factors which have influenced the rate of invasion 
of forests into the prairies since their origin. “The actual cause of 
the treelessness of the prairies is not to be found in any of the present 
conditions” (Gleason 15). Present conditions are important only 
as they help to interpret the past. A prairie is treeless because at 
the time of its origin the conditions favored the invasion of a grass 
rather than a tree vegetation, and the rate of forest invasion has 
been too slow for the complete occupation of the area by trees during 
the time which has elapsed since the prairie was formed. It is 
necessary to study present conditions, but it is also necessary to 
study past conditions. In this way only can one explain the present 
distribution of prairie and forest in Illinois and neighboring states. 
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The dominant prairie species are xerophytic grasses. This is 
shown by investigations of prairies in Illinois and in other parts of 
the world. The sand prairies along the Illinois River were studied 
by Gleason (16) and Vestal (41). Both investigators found 
xerophytic associations dominated by bunch grasses, among which 
were Koeleria cristata^ Lepioloma cognatum^ Siipa sparka, Panicum 
pseudopubescens, Bouklom hirsula, B. curiipendula, Cyperus 
Schveinitzii, Andropogon scoparius, and A, furcatus. Vestal (40) 
studied a black soil prairie west of Chicago. He found two upland 
prairie grass associations, one dominated by Andropogon scoparius 
and the other by A. furcatus. The depressions were occupied by a 
marsh association, with Liatris spicata, Eryngium yuccifoliunit 
Spartina Michauxiana^ Calamagrostis canadensis^ Phragmiks com¬ 
munis, Glyceria minata, Scirpus lineatus, and Typha latifolia. Samp¬ 
son (30) studied the prairie vegetation in all parts of Illinois: 

Andropogon furcatus is the climax grass of the whole upland prairie region, 
of the state, and in the succession leading to this climax from the more xero¬ 
phytic uplands and exposed clay soils Andropogon scoparius is the most impor¬ 
tant species. 

According to Sampson, the sand prairie vegetation has a tendency 
to develop into the typical upland prairie vegetation with Andro¬ 
pogon furcatus as the dominant species, while the marsh grasses in 
the depressions are often replaced by A. furcatus when the depres¬ 
sions are drained. 

In other parts of the prairie province, as well as in grassland 
regions in other parts of the world, the dominant plants are species 
of Andropogon, Stipa, or other xerophytic grasses. Schapfner 
(31) lists Andropogon furcatus and A. scoparius as the two most 
important prairie grasses in Clay County, Kansas. Hitchcock 
(33) found A. furcatus, A. scoparius, and Chrysopogon nutans domi¬ 
nant on the prairies of eastern Kansas, while the more xerophytic 
Buchloe dactyloides was dominant in western Kansas. Harvey 
(21) studied the prairie vegetation in southeastern South Dakota 
and found six dominant species: Boukloua oligostachya, B. curtipen- 
dulUf B. hirsuta, Koeleria cristata, Andropogon furcatus, and A, 
scoparius. Smith (35) studied grazing conditions in the prairies 
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of western Texas. He said the original vegetation was ^'largely 
blue stems and sage grasses (Andropogon)” and that these had been 
killed out by overgrazing and their places taken by other xerophytic 
grasses which were less desirable for pasture. Harper (19) studied 
the vegetation on some Alabama prairies, and found the most abun¬ 
dant species was Andropogon scoparius. Pound and Clements 
(29) list a number of xerophytic grasses as dominant species in the 
prairie province. Shimek (33) found prairie plants growing on sand 
dunes, and emphasized the fact that these plants are xerophytes and 
can exist on dunes ‘‘as well as on the xerophytic surfaces of ordinary 
prairie.'^ Kossowitsch (24) found the steppes of Russia covered 
with xerophytic grasses, the most important of which are species 
of SHpa. ScHiMPER (32) describes the savannah as a region with 
xerophilous vegetation, of which “ the majority of individual plants 
are grasses.” 

Prairies occupy areas where the irregularities of the surface are 
too slight to check the velocity of the wind to any great extent. 
The desiccating action of strong winds, especially the dry southwest 
winds, is very great. It is not surprising, therefore, that prairies 
have a high evaporation rate with correspondingly low soil moisture 
content during the latter part of the growing season. Gleason 
and Gates (17) studied evaporation rates in Quercus velutina woods 
and in several stations in the sand prairies of central Illinois. The 
evaporation from a standard atmometer, which was placed in open 
ground where there were only a few weeds, was taken as i, and the 
evaporation at the other stations recorded as ratios of the number. 
The evaporation rates at the prairie stations varied from 1.04 to 
1.56, while the rate at the forest station was only 0.66. Harvey 
(22) studied evaporation and soil moisture in a prairie near Chicago. 
He found the mean daily rate for the season higher than in the pine 
dunes, but lower than in the cottonwood dunes along the south shore 
of Lake Michigan. During the summer the soil moisture was low, 
often falling below the wilting coefficient. In Nebraska similar 
studies were carried out by Weaver and Thiel (46), and by Pool, 
Weaver, and Jean (28). In both investigations a much higher 
evaporation rate was found on the prairies than in adjoining forests. 
The soil moisture content was much lower in the prairie than in the 
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forest, falling below the wilting coefficient to a depth of two feet 
during part of the summer. Weaver (45) found higher evapora¬ 
tion rates on southwestern slopes than on northeastern slopes in 
southeastern Washington. Some of the northeastern slopes were 
forested, while the southwestern slopes were treeless. In western 
Iowa, Shimek (33) observed similar relations between the evapora¬ 
tion rates and forest distribution. Todd (36) observed heavy tim¬ 
ber on protected slopes, while there was little or none on exposed 
slopes in southwestern Iowa. Vestal (43) found local inclusions 
of prairie within forest on slopes near the Embarrass River in the 
vicinity of Charleston, Illinois. The.se prairie areas are on the upper 
part of south-facing slopes where they are exposed to the desiccating 
effect of the southwest winds. Hanson (18) studied some prairie 
inclusions found in deciduous forests in Ohio, Illinois, Iowa, and 
eastern Nebraska. He found the evaporation rate much higher on 
the prairie than in the forests, while the soil moisture content was^ 
much lower in the prairies. In one of the forest stations the soil 
moisture content fell below the wilting coefiicient once during the 
summer, but in the high prairie there was no water available for 
plants at four different times in the o-io cm. layer, and twice in 
the 10-30 cm. layer. Within forests evaporation is less in ravines 
than on the higher ground, as shown by Transeau (37), Fuller 
(13), and Ullrich (38). The evaporation rate seems to vary 
directly and the soil moisture content inversely with the wind 
velocity. 

Tree seedlings have difficulty in becoming established on prairies 
because of the thick prairie sod and the desiccating action of the 
wind. Where artificial plantings are made, the trees grow' and de¬ 
velop normally. Such an artificial planting in eastern Nebraska is 
described by Pool (27). In this grove the shade killed out the 
prairie grasses and they were replaced by mesophytic herbs. On 
the other hand, where forests have been destroyed by man, the meso¬ 
phytic herbs die and xerophytic prairie grasses may replace them. 
Shimek (34) found a prairie vegetation along a road through a 
forest in Iowa. The destruction of the trees along the road exposed 
the mesophytic forest herbs to intense sunlight and strong winds, 
which killed them and allowed the invasion of the xerophytic grasses. 
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Vestal (42) found a simflar invasion of prairie grasses into a forest 
along the Big Four right of way near the Embarrass River in Illinois. 
Both of these areas would undoubtedly soon be reforested if man did 
not continually destroy the young tree growth. On the open prairie, 
however, the exposure is much greater, and prairie groves are rare. 
North of Charleston, in Coles County, Illinois, there is a small prairie 
grove which is on some low ridges at some distance from other tim¬ 
ber. Gates (14) mentions isolated oaks on the body of the prairie, 
but thinks the invasion along forest borders, where the shade kills 
out the grasses, is much more important. Sampson (50) mentions 
four methods of invasion of prairies by forests: 

(i) Forest invasion accompanying erosion by streams, (2) growth of tree 
seedlings along forest borders where the grasses are checked by the shade of 
overhanging branches, (3) the occasional establishment of isolated seedlings 
farther out on the prairie, and (4) the growth of adventitious branch buds from 
the roots of certain trees and shrubs extending short distances into the prairie. 

In western Texas, Bray (5) foimd chaparral invading the prairie 
where the grass sod was destroyed by overgrazing. Wells (47) 
reported forests on areas around St. Louis that were prairie when 
first settled by white men. 

It is evident that prairies have a xerophytic vegetation because 
the wind velocity and evaporation rate are high while the soil mois¬ 
ture is low during the latter part of the growing season. Xerophytic 
grasses are able to make a rjipid growth while there is sufficient water 
in the soil. They store food in their underground parts and go into 
a dormant condition during the dry weather. Tree seedlings are 
unable to compete with the grasses on the open prairie, but along the 
slopes of gullies and streams and some of the steeper moraines ero¬ 
sion removes the grass sod, and the irregularities of the surface check 
the wind velocity and reduce the evaporation, so that tree seedlings 
are able to secure a foothold. Trees can also advance slowly out on 
the prairie along the forest borders where shade kills out the grasses 
and the forest checks the wind velocity. The latter is very slow, 
so that the rate of advance depends to a large extent on the tcpog-> 
raphy. It is necessary, therefore, to study the physiographic 
conditions in Illinois and neighboring states, for the difference in 
physiography are important in determining the present distribution 
of the prairies. 
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The Dlinois prairies are postglacial in origin. According to 
Chamberlin and Salisbury (6), there were six different periods 
of glacial ice advance, which were separated by periods when the 
land was free from ice. The period between the Early and Late Wis¬ 
consin ice advances was relatively short, but all the other interglacial 
periods were very long. As each ice sheet advanced, it modified the 
surface of the country. As a general rule, the hills were leveled and 
the valleys filled, but in some places steep morainal ridges were 
formed by the glaciers. In this region, the surface left by the earli¬ 
est glacier has been completely overrun by later ice advances, but 
all the other ice sheets left large areas where the surface has not been 
modified by later glacial advances. The Kansan ice sheet invaded 
northeastern Kansas and entered Missouri, extending as far south 
as the Missouri River. The Illinoisan ice sheet only entered the 
eastern edge of Iowa, but covered the greater part of Illinois, extend¬ 
ing down to the Ozark Hills in the southern part of the state. Just 
east of the Illinois-Indiana line the border of the Illinois drift bends 
to the northeast, follows this direction to central Indiana, then turns 
south to the Ohio River, then east to south central Ohio, and then 
north to central Ohio, where it is buried by drift of the Wisconsin 
ice sheets. The Iowan ice covered northeastern Iowa and possibly 
a small area in northwestern Illinois. The Early Wisconsin glacier 
entered northeastern Illinois and extended as far south as Shelby- 
ville and Mattoon, but in Indiana and western Ohio it extended 
almost to the border of the Illinoisan drift. A lobe of the Late 
Wisconsin ice sheet entered western Iowa, extending as far south as 
Des Moines. Another lobe entered northeastern Illinois, but did 
not extend as far to the west or south as the Early Wisconsin. 
Farther east, however, it covered nearly all of the Early Wisconsin 
drift in Indiana and western Ohio, and overrode all earlier drift 
sheets in eastern Ohio. 

The glaciated region is bordered on the south by rough, hilly 
country from eastern Ohio to the western slopes of the Ozark Moun¬ 
tains in Missouri. Farther west, in the plains region, the relief 
is moderate. The Late Wisconsin drift has a very uneven surface, 
with many morainal ridges and depressions, but the Early Wiscon¬ 
sin, although it has some strong moraines, is nearly level over large 
areas in east central Illinois. The earlier drift sheets were originally 



248 


BOTANICAL GAZETTE 


[may 

nearly plane, but there must have been considerable pre-Wisconsin 
erosion near the larger streams, such as the Missouri, Mississippi, 
Rock, and Illinois Rivers. Much of the area, however, is still 
nearly level, as it was when the glaciers retreated. During the 
retreat of the last ice sheet a large lake, Lake Chicago, was formed in 
the southern end of the Lake Michigan basin, and another one, 
Lake Maumee, in the western end of the Lake Erie basin. Drainage 
to the north and east was blocked by the glacial ice, so that both of 
these lakes found outlets to the southwest, the former through the 
Chicago outlet and the Des Plaines River to the Illinois River, and 
the latter through the Wabash Valley to the Ohio River. 

At the present time, large ice fields are bordered by treeless 
wastes, called tundras, where the vegetation is mainly mosses and 
lichens. The tundra varies in width in different regions and is 
often bordered on the south by forests. Warming (44) says the 
tundra occupies only small areas in mountainous countries like 
Greenland, while it is very extensive in flat countries like northern 
Siberia. During the ice age conditions along the border of the ice 
fields must have been similar to those in Greenland and northern 
Siberia at the present time. The forest zone must have been sepa¬ 
rated from the ice front by a tundra zone which was narrow where the 
country was rough and hilly, but very wide where the country was 
comparatively level. During each ice advance, the tree line was 
depressed and the forests were replaced by scrub, bog, and tundra ” 
(Clements 7). Where the country was flat, the tree line was 
undoubtedly depressed for a great distance below the ice front, but 
where the country was rough and hilly, it is probable that, as pointed 
out by Harshberger (20), ‘‘the glaciers did not affect the tree 
distribution at any great distance from the ice front.” At the time 
of the maximum advance of the Late Wisconsin ice sheet, it is prob¬ 
able that trees were found only a short distance from the ice front 
in eastern Ohio, where the country is rough and hilly. In south¬ 
western Ohio and southern Indiana the country is hilly, but it is not 
so rough as in eastern Ohio, so that the tundra zone was probably 
somewhat wider but still comparatively narrow. Farther west, 
however, where there was a wide belt of comparatively level country 
below the ice front, the timdra must have covered all the country as 
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far south as the Ozark Hills in Illinois and the dissected bluffs along 
the Missouri River in Missouri, except the driftless area” in north¬ 
western Illinois and southwestern Wisconsin, and possibly some 
protected slopes along the larger streams such as the Mississippi, 
Rock, and Illinois Rivers. 

Below the tundra, the rough, hilly country between the Appa¬ 
lachian Mountains and the west slopes of the Ozark Mountains 
was undoubtedly forested. Near the tundra the forests probably 
included both conifers and hardwoods, with the conifers on the 
exposed slopes and liilltops and the hardwoods along the protected 
slopes. In the plains region there were probably some protected 
slopes along some of the streams where trees were able to grow, and 
there may have been some depressions which were occupied by 
willows and tamaracks. As the greater part of the surface is gently 
rolling, however, tree seedlings would have been killed by the desic¬ 
cating action of the strong winds. It is probable that the region 
as a whole was treeless, and that prairies bordered the tundra. At 
the time of the maximum advance of the Late Wisconsin icc sheet 
it is probable that the tundra, which was the first vegetation zone 
below the glacier, was narrow in Ohio and Indiana but very wide in 
the flat country farther west, extending almost to the southern end 
of Illinois and almost to the Missouri River in Missouri. South of 
the tundra there were undoubtedly forests extending from eastern 
Ohio to Missouri, while the country farther west was probably tree¬ 
less plains covered by prairie grasses. 

When the Late Wisconsin glacier began its retreat, it left a bare 
area that was invaded by the mosses and lichens of the tundra. 
These plants can endure the severe climatic conditions along the 
ice front, and can live on the pulverized rock material left by the 
glacier. Other plants were excluded by the severe climate and the 
inhospitable soil. As the ice retreated farther to the nortli the cli¬ 
mate became less severe, and the tundra plants gradually added 
organic matter to the substratum and developed a soil suitable for 
the growth of the higher plants. According to Adams (i) the tun¬ 
dra was invaded by coniferous forests, and these by deciduous for¬ 
ests in the southeast and arid plains vegetation in the southwest. 
The actual condition, however, was not so simple as this. As 
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already mentioned, it is doubtful whether there was any conifer 
belt along the tundra in the plains region. In this region, therefore, 
the prairie merged gradually into the tundra, and the latter must 
have been invaded by grasses from the former. Farther east, where 
forests joined the tundra on the south, both conifers and hardwoods 
moved northward, but their invasion was restricted to stream val¬ 
leys and slopes, and to that part of the till sheet where there were 
considerable irregularities in the surface. On the level to gently 
rolling country, where there was no protection from the desiccating 
action of the strong winds, tree seedlings could not become estab¬ 
lished, and these areas must have been occupied by grasses. It 
seems probable that the prairie grasses, which invaded the tundra 
in the plains region, moved eastward, occupying all the country from 
which trees were excluded. 

There may have been a postglacial period of aridity, but it is 
not necessary to assume such a condition in order to explain the 
origin of the prairies. Under the present moisture conditions, 
movement of forests into flat country is extremely slow. If the 
moisture conditions during all the years since the ice age were similar 
to what they are now, the northward movement of trees was very 
slow. If there was an arid postglacial period, the advance of the 
forests during that period was delayed, and may have been entirely 
prevented for a time, but it was resumed again when the climate 
became more moist. In either case, most of Illinois and Iowa, and 
large areas in northern 'Missouri, northern Indiana, and western 
Ohio must have developed from tundra into prairie. If there was 
an arid postglacial period, there may have been no invasion of the 
prairies by forests until the close of this arid period, but, if there was 
no such period, forest invasion began immediately, and has been 
going on slowly but steadily ever since the close of the ice age. The 
rate of invasion varies with the topography, and explains why some 
areas are completely forested while others are treeless prairies. 

During the ice age the tundra, which covered most of Illinois 
and large areas in neighboring states, must have been similar to 
that found in the region west of Hudson Bay at the present time. 
Harshberger (20) describes this region as follows: 

It is a treeless wilderness, low and marshy, interspersed with lakes, streams, 
and mossy plains, the so-called arctic tundra. The soil is permanently fmaen 
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to a great depth, and in summer it thaws out a foot or two to permit the grasses, 
sedges, and other plants of the region to make a rapid vegetative growth. 

Similar conditions probably prevailed in the tundra along the ice 
front during the Late Wisconsin glaciation. As the ice sheet 
retreated farther to the north, the summers gradually lengthened 
and the soil thawed to a greater depth. This permitted drainage 
of the higher ground, which was then invaded by the more xero- 
phytic grasses, while the swamp grasses and sedges, which were the 
pioneer invaders of the tundra, were restricted to the depressions, 
which remained wet all summer. The invasion of the prairie grasses 
was probably rapid, and it seems likely that, early in post-glacial 
times, an immense prairie, with xerophytic grasses on the higher 
ground and swamp grasses in the depressions, had replaced most of 
the tundra in Iowa, Missouri, Illinois, Indiana, and Ohio. The 
grasses which grew on this prairie may have included the same 
species found on prairies today, and Andropogon furcalus may have 
been the dominant species as it is now on the prairies of Illinois. 

As previously mentioned, the Late Wisconsin drift has an irreg¬ 
ular surface with many morainal hills and depressions. When the 
ice retreated, the part of this drift sheet which is in Ohio and Indiana 
was separated from the forests on the south by a narrow strip of 
treeless tundra, while, farther west, there was a wide area of earlier 
drift which was nearly level and treeless. In this older drift, how¬ 
ever, there were some large pre-Wisconsin stream valleys, such as 
the Mississippi, Rock, Illinois, and Wabash Rivers. The drainage 
waters from the glacial lakes for a time emptied into the Illinois and 
Wabash Rivers, and rapidly extended the valleys of these streams 
into the Late Wisconsin drift. These stream valleys were avenues 
for the rapid advance of forests. 

This region was invaded by two types of forest vegetation, the 
upland and the bottomland. The latter followed the stream valleys, 
while the former advanced along the bluffs of the larger streams 
and in other places where the topography was rough. The upland 
pioneers were the pines, which early entered the rough country in 
northeastern Ohio and passed on into the morainal region of Onta¬ 
rio, where some of their descendants are still found. Conifers must 
have advanced rapidly along the Wabash, Illinois, Rock, and Mis¬ 
sissippi Rivers. There are still white pine forests along the Rock 
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River which de Forest (12) thinks are relics of former more exten¬ 
sive pine forests. Cowles (10) mentions forests along the Illinois 
River at Starved Rock, where ‘‘the dominant tree vegetation is conif¬ 
erous, consisting especially of the white pine {Finns Slrohus)^ and 
the arbor vitae {Thuja occidcntalis) F As the pines arc wind dis¬ 
seminated, it is probable that they advanced rapidly along these 
stream bluffs and spread rapidly in the rougher morainal regions of 
the Late Wisconsin drift. The pines were followed probably by the 
oaks, and these in some places by maples and beeches. In some 
places along the stream bluffs xerophytic shrubs instead of pines 
may have preceded the oaks. 

Along the river bottoms the invading trees were probably the 
same species as found in similar situations today. Cowles (ii) 
studied the vegetation along the Des Plaines River, where the pioneer 
trees arc Salix nigra and S. longifolia. These are followed by Acer 
dasycarpum, Populus moniliferaj and Fraxinus americana. When 
the bottomland becomes drier, Ulmus americana, U. fulva, Tilia 
americana^ Juglans nigra^ and J, cincrea appear. "J'hese or similar 
species must have moved north along the stream valleys at the close 
of the ice age. In the tundra region below the drift deposited by the 
Late Wisconsin ice sheet, there were stream valleys where invasion 
was rapid. In the Late Wisconsin drift, however, invasion of the 
bottomland vegetation must have been determined by the rate of 
stream erosion, except where there were depressions that were 
invaded by these trees. As the seeds of most of these species are 
wind disseminated, they are easily scattered, and it seems likely that 
seeds from trees growing along streams that were cutting back into 
the fresh till would fall along the shores of small lakes and ponds in 
some of the depressions. Seeds falling along these shores would 
undoubtedly germinate and in turn scatter their seeds to other 
depressions. As there were many of these depressions in the Late 
Wisconsin drift, it seems likely that they were an important factor 
in hastening the invasion of this drift by forests. Some of the 
depressions, which remained continually wet because they were deep 
or fed by springs, developed into bogs. These bogs have been 
invaded by trees, and some of them entirely, but others only par¬ 
tially, occupied by forests. 
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Trees not only invaded the bottomlands and river bluffs, but they 
also moved up over the crest of the bluff and slowly moved out on 
the prairie. This invasion, as already noted, is very slow. In this 
invasion of the prairies it is probable that the oaks were pioneers, 
or xerophytic shrubs were the pioneers followed by the oaks. Where 
the bluffs are not dissected by tributary streams and gullies, the 
forest advance has been extremely slow, and there is only a very 
narrow belt of timber along the bluff. Where there has been con¬ 
siderable erosion, however, the forest belts are much wider. Where 
the gullies are close together, forests have often occupied the inter¬ 
vening area, but in some places narrow strij)s of prairie are still 
found along tJie tops of the ridges between the gullies. Where 
erosion has cut deep ravines, the vegetation quickly reaches the 
mesophytic forest stage. Near Charleston, Illinois, where the 
Embarrass River cuts through the Shelbyville moraine, there are 
many deep ravines which have an almost pure stand of Acer saccha- 
rum. Similar mesophytic conditions in ravines in the Chicago 
region have been described by Cowles (ii). Where streams cut 
through moraines, trees not only occupy the slopes along the gullies, 
but they extend out along the slopes of the moraines beyond the 
heads of the gullies. This has been observed along the Shelbyville 
moraine near the Embarrass and Kaskaskia Rivers. In some places, 
especially along streams that are cutting back into flat prairies, 
erosion is not very deep, and the gullies extend only a short distance 
from the streams. 'Ehese gullies are xerophy tic, and it is probable 
that they were first invaded by xerophytic shrubs followed by 
oaks. 

During the ice age the level uplands for a long distance below 
the ice front must have been free from tree vegetation. Trees, 
however, could grow along some of the stream bluffs and bottom¬ 
lands. As the evaporation was less during the cold glacial period 
than during the wanner postglacial period, trees may have invaded 
stream valleys in the plains region from which they are now 
excluded. Bessey (3) describes a deep canyon in western Nebraska 
where he found Pinus ponderosa var. scopuloruMy Juglans nigra, 
and Ostrya virginica. These trees may be relics of vegetation which 
extended all along the streams during the glacial period, but was 
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unable to endure the greater postgladal evaporation in the more 
exposed situations. 

As already mentioned, after the retreat of the last ice sheet trees 
moved northward, along the stream valleys, the shores of lakes and 
ponds, and the steeper morainal and preglacial ridges. After these 
areas were occupied, the trees slowly invaded the more level inter¬ 
vening areas. Where these intervening areas were small, they have 
been mainly or entirely occupied by the forests, but where they are 
large, a considerable part of them is still treeless. In eastern Ohio, 
where there are some preglacial ridges and many strong moraines, 
all the country was forested except a few bogs, which were only 
partially timbered, like the one in Trumbull County. A large part 
of western Ohio is comparatively level, but in this region the soil 
map of Ohio by Coffey and Rice (9) shows many areas of soils 
that developed in timbered swamps. Large areas of these soils are 
found in the bed of glacial Lake Maumee and in the level 
areas between the larger streams. Smaller areas are scattered all 
over the till plain in western Ohio, and there are undoubtedly more 
which were too small to be shown on the map. If, as seems prob¬ 
able, these depressions were invaded by trees in early postglacial 
times, it is not surprising that the intervening areas have been 
occupied by forests except for a few comparatively small areas like 
those mentioned by Atwater (2). In eastern Indiana the condi¬ 
tions are similar to those in western Ohio, but in western Indiana 
there is more flat country, and consequently a large area of prairie. 
This Indiana prairie is continuous with the Illinois prairies, as shown 
by Coffey (8), who separated the soils in this region into dark 
colored prairie soils and light colored timbered soils. 

In western Indiana, Illinois, Iowa, and northern Missouri, pre- 
Wisconsin erosion had dissected some of the country along the 
Wabash, Illinois, Rock, Mississippi, and Missouri Rivers. Betwe^ 
these streams the country south of the Late Wisconsin drift is 
comparatively level. These flat areas have few depressions, so that 
the invasion of forests has been almost entirely along streams and 
gullies, and the slow advance along the forest border. In southern 
Illinois forests extended farther out into the flat prairies than they 
did in central and northwestern Illinois, because invasion began 
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much sooner in southern Illinois than farther north. In north¬ 
eastern Illinois, however, where the Late Wisconsin glacier left an 
uneven surface, forests have advanced out on many of the moraines 
between the streams, although the time has been much shorter. 
During the Late Wisconsin glaciation the tundra probably extended 
to the rough country in southern and eastern Williamson County, 
Illinois. The flat country in the central and northwestern parts of 
this county must have had a tundra vegetation which was later 
invaded by the prairie, a few small remnants of which still remain 
as prairie. In Franklin and Perry Counties more of the inter-stream 
areas is still prairie, while in Champaign County the forests occupy 
only narrow strips along the streams. Along some streams there 
are isolated areas of forests where the bluffs are eroded, while the 
gentle slopes are treeless. Low stream banks are often treeless for 
long distances, but steep bluffs are almost always timbered. These 
differences have been observed in different parts of Illinois, and simi¬ 
lar differences in other parts of the state have been shown by the 
work of the Illinois Soil Surv^ey (39). 

Hosier early recognized the differences between the prairie 
and forest soils, and in his classification the soils are grouped into 
prairie and timbered soils. These differences make it possible to 
map the boundary between forest and prairie in places where the 
forests have been cleared and both forest and prairie are now under 
cultivation. The Illinois soil maps, therefore, show the location 
of prairie and forest, and when the work is completed, they will show 
the distribution of prairie and forest in all parts of the state. Cof- 
FEY^s (8) map is valuable in showing the distribution of prairie and 
forest in the United States as a whole, but he grouped the gray 
prairie soils of southern Illinois with the timbered soils because he 
considered the color more important, from the soil standpoint, than 
the vegetation. His map, therefore, does not show all the prairies 
in Illinois. As topography is an important factor in the classifica¬ 
tion of the timbered soils in Illinois, the maps give considerable 
information on the topography of the forested areas. The yellow 
silt loams and the yellow sandy loams occupy rough eroded areas. 
They are found on morainal and preglacial ridges where the slopes 
are steep, on bluffs, and in areas that are badly gullied. In some 
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places these eroded soils are found in narrow strips along bluffs, 
and in narrow tongues along gullies extending back into other tim¬ 
bered soils or even into the prairies. In other areas these soils 
occupy broad belts with jagged edges. The points along the jagged 
border are the heads of gullies that are separated by narrow steep 
ridges. The yellow gray silt loams and the yellow gray sandy loams 
vary in topography from slightly less rough than the eroded soils 
to almost level. They are found in areas of varying width border¬ 
ing the eroded soils, along streams where the bluffs are low and the 
slopes too gentle for rapid erosion, and on moraines and preglacial 
ridges with gentle slopes. Flat or nearly level areas with an imper¬ 
vious clay subsoil are mapped as light gray silt loam on tight clay, 
white silt loam on tight clay, or yellow gray silt loam on tight clay. 
These soils are found mainly in the southern part of the state, and 
represent areas that were formerly prairie soils, either gray silt loam 
on tight clay or brown gray silt loam on tight clay. The timber 
(mainly oaks) has changed the character of the soil, particularly 
the color of the surface soil, which is a lighter gray than in the prairie 
soils from which they were derived. The soil maps of Bond and 
Clay Counties show that a large part of these soils is betvreen 
streams and gullies where the invading trees advanced from opposite 
directions. Some of the light gray silt loam on tight clay in these 
counties is along the edge of the prairies, and shows that the trees 
have been able to invade; the flat prairie for some distance. As 
these areas are in the southern part of the state and are near the 
Wabash and Kaskaskia Rivers, the time for this invasion must 
have been very long. In these counties there are some small tim¬ 
bered ridges surrounded by prairie and some areas of prairie sur¬ 
rounded by timber. Farther north, in Moultrie County, where 
there is less erosion and the forest invasion began at a much later 
date, the forests extended only a short distance from the streams. 
Adams County, which lies between the Mississippi and Illinois 
Rivers, is badly dissected, and the greater part is timbered. Many 
narrow strips of prairie are found on the tops of ridges between the 
streams and gullies. In Lake, Kane, and DuPage Counties, which 
are in the Late Wisconsin glaciation, a large part of the irregular 
surface is forested. 
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All the evidence indicates a once more extensive prairie region 
in Illinois and the neighboring states, which has gradually been 
reduced in area by the invasion of trees. Fires probably have 
retarded the advance of the forests, but they are not responsible for 
the treelessness of the prairies (Bournk 4). Where forests have 
been destroyed locally by fires, it is doubtful whether the area is 
ever occupied by prairie grasses. Such areas arc generally invaded 
by fire weeds followed by brambles and then trees. The idea of 
Lesquereux (25), that ‘‘all the prairies of the Mississippi valley 
have been formed by the slow recess of sheets of water of various 
extent, first transformed into swamps and by and by drained and 
dried,” is also untenable. McCtOire (26) suggested that the Alabama 
prairies once constituted the boundary of the Atlantic Ocean, and 
it may be that these prairies, as well as some others in unglaciated 
regions, are relics of the grass vegetation which first invaded the 
bare area left by the withdrawal of the oceanic waters. The 
prairies of Illinois and neighboring states, however, are in a region 
that was covered by glacial ice during the Pleistocene Period. At 
one time geologists believed the loess was a water deposit. If such 
had been the case, it would be reasonable to suppose that the prairies 
arose on the recession of the waters that deposited the loess. There 
is no evidence, however, that all, or even a large part of Illinois and 
the neighboring states was ever covered by water since the ice age. 
The loess is now believed to be wind dej)ositcd, and the prairies 
found on these loess deposits could hardly have arisen from swamps 
that W'ere formed on the recession of water. During the ice age, 
there must have been a tundra along the border of the ice, just as 
there is along the borders of ice sheets at the present time. It seems 
likely that this tundra cov^ered all of Illinois where prairies are now 
found, and that the tundra was invaded by prairie grasses when the 
glacier receded. As postglacial time has been too short for the 
complete occupation of this region by forests, part of Illinois is still 
prairie, but it is probable that all of Illinois would eventually have 
been forested, if man had not put a stop to all natural succession. 
The rate of invasion of flat prairies is very slow, however, and it 
would take a very long time for the forests to completely occupy 
these areas. 
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Summary 

1. The prairies of Illinois are near the eastern edge of an eastern 
extension of the prairie province, and are really in a region with a 
‘‘woodland climate.” 

2. Previous investigations have shown that prairies generally 
have a xerophytic vegetation, a high evaporation rate, and a low 
soil moisture content during part of the growing season; and that 
tree seedlings are generally excluded from the body of the prairie, 
but are able to invade the prairie slowly along the borders of forests 
and more rapidly along streams and ridge slopes. 

3. Most of Illinois is covered by glacial drift which was deposited 
during several ice advances. The earlier glacial deposits, which 
cover most of the glaciated area in Illinois, were originally com¬ 
paratively level, while the last drift sheet, which entered north¬ 
eastern Illinois and covered most of the states to the north and east, 
has an irregular surface with many moraines and depressions. 
Part of the earlier drift was eroded by large streams before the 
advance of the last ice sheet. The glacial lakes, Chicago and Mau¬ 
mee, excavated outlet channels through the last drift sheet. 

4. During the ice age there must have been a tundra along the 
border of the ice, just as there is in the Arctic regions at the present 
time. This tundra was probaby narrow in Ohio and Indiana, but 
very wide in the level country farther west, extending nearly to the 
southern end of Illinois and nearly to the Missouri River in Missouri. 
South of the tundra there were undoubtedly forests in the rough 
country, which extended from Ohio to Missouri, but treeless prairies 
in the level plains region farther west. 

5. When the last ice sheet retreated, the bare area which it left was 
invaded by the tundra, and the tundra was invaded by other plants. 
In the plains region prairie grasses invaded the adjoining tundra, 
and moved east, occupying all the level country, from which trees 
were excluded by the desiccating action of the strong winds. It is 
probable that all the level country as far east as Ohio became prairie 
early in postglacial times. Forests invaded the hilly uplands and 
also along the stream valleys, and then spread to the shores of small 
lakes. After the forests occupied these areas they gradually moved 
out into the intervening areas. 
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6. In Ohio and eastern Indiana morainal hills and depressions 
are numerous and the intervening areas comparatively small, so 
that only a few small prairies remain in this region. Farther west, 
however, in western Indiana and Illinois, the flat inter-stream areas 
are larger, and many of them still remain as prairies, although forest 
trees have moved north along the larger stream valleys into the 
rougher country of Michigan and Wisconsin, which were almost 
completely forested. 

7. The Illinois soil classification groups the soil types into prairie 
and timbered types, so that the soil maps of this state show the 
distribution of prairie and forest and the relation between stream 
dissection and forest invasion. The published maps show some in¬ 
vasion of moraines by the forests in northeastern Illinois, but in other 
parts of the state forest invasion has been confined almost exclu¬ 
sively to the slopes of streams and gullies and some of the adjoining 
level land. 

8. Fires may have checked the invasion of forests into prairies,* 
but prairies never originated by the destruction of forests by fires. 
Some unglaciated regions may have prairies that are relics of the 
vegetation that invaded the land when it first appeared above sea 
level, but the Illinois prairies are in a glaciated region, and there is 
no evidence that this region was covered by water at any time since 
the ice age. During the glacial period the prairie region of Illinois 
and neighboring stales was probably occupied by a tundra which was 
invaded by prairie grasses. The prairie has been invaded by forests, 
and most of the states to the east and north of Illinois have been 
forested, but large areas in Illinois are still prairie, because post¬ 
glacial time has been too short for the forests to invade such large 
areas of level land. 

Thanks are due to Dr. W. B. McDougali. and Dr. M. M. 
Leighton of the University of Illinois, and Dr. H. C. Cowles of the 
University of Chicago for criticisms and suggestions during the 
preparation of this paper. 

University op Illinois 
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TEMPERATURE COEFFICIENT OF ABSORPTION 
IN SEEDS OF CORN 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 316 
Charles A. Shdll and S. P. Shull 
(wmi ONE figure) 

Introduction 

In a previous paper (17) dealing with the temperature coefficient 
of moisture absorption in seeds, it was shown that the curves of 
water intake for cocklebur seeds and for cotyledons of peas removed 
from their coats could be represented by one or a series of logarithmic 
equations having the general formula y = a log (te+i) +r. In this 
equation, y is the total intake at any moment, x is the time during 
which absorption has proceeded, and a, h, and c are constants. 
The velocity of water intake may then be represented by the fonnula 
in which <!> is the pre\dous absorption. The velocity of 
water intake is therefore not an exponential function of the temper¬ 
ature, but an inverse exponential function of the amount of water 
previously absorbed. The value of the temperature coefficient, 
Qio, varied in different tests from 1.55 to .i.8j, values too low to 
support the theory that, the rate of water absorption depends 
solely upon a chemical phenomenon, such as the simplification of 
associated water molecules as the temperature rises. Since it was 
found that the temperature coefficient was about the same whether 
or not a semipermeable membrane was present, it appears that 
semipermeability per se may not be an important factor in determin¬ 
ing the rate of permeation of water through such membranes. 

The original work on temperature and absorption was done by 
Brown and Worley (6) on Hordeum seeds. Since none of the 
seeds used in the previous work belonged to the same family of 
plants as barley, and represented fatty and protein seeds rather 
than carbohydrate-high seeds, it was felt that the study should be 
continued with some member of the Gramineae. After several 
kinds were tested, com was chosen because of certain obvious 
Botanical Gazette, vol. 77] [262 
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advantages which it possesses. It has a tough coat, not easily 
ruptured, the coat can be removed readily, and is suited to certain 
membrane studies which are in progress. No other common 
member of the family offers such favorable material for direct 
permeability investigations. 

Some preliminary experiments on corn were made by students 
at the University of Kansas, beginning in 1914. During the summer 
of that year Bushnell studied the influence of temperature and 
salts on the rate of water absorption in Learning yellow dent corn, 
and was able to show indirectly that corn grains ha\^e osmotically 
active coats. It was apparent from the data, however, that the 
caryopsis coat is not as efficient in excluding J^aCl and LiCl from 
the interior of the seed as is the seed coat of Xanthium. Before 
undertaking the collection of the data to be presented later, an 
attempt was made to analyze the data collected by Bushnell. 
Irregularities undoubtedly beyond the control of the investigator 
made the data useless for our purposes, and new series covering the 
range of Bushnkll’s work were run with the greatest care. 

A little later Love joy removed the membrane from corn grains 
and used it in an osmometer similar to the one used by Shull (16), 
and was able to confirm bj" direct measurements the indirect 
findings of Bushnell. The coats gave very good osmotic action, 
but were not entirely impermeable to the solutes used. 

The temperature studies were resumed at the L^niversity of 
Kentucky, and have been concluded in the Hull Botanical Labora¬ 
tory of the University of Chicago. 

Materials and methods 

In the later work, a variety of corn known as Hickory King 
has been used. It is a white dent corn with broad shallow grains 
and fairly hard endosperm. The breadtli of the grains gives an 
excellent membrane for permeability studies. Attention has not 
been confined to this material, however, for even a casual survey of 
absorption phenomena shows that each individual kind of substance 
has its own peculiar water absorption complex. The physical 
structure or chemical composition of a material may so affect its 
water relations during absorption that mathematical treatment of 
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the data is precluded. In some cases the intake of water, as deter¬ 
mined by successive weighings, is not so much a measure of the 
absorption of water as it is the measure of some other physical or 
chemical process. To illustrate these irregularities of absorption, 
a variety of substances has been used, including seeds, cherry 
wood blocks, and tissue from Auricidaria auricula-judae, one of the 
Protobasidiomycetes whose gelatinous body is admirably adapted 
to such studies. Some of these irregular cases will be considered 
in connection with the general discussion, without attempt to 
present the heterogeneous data, which are not needed for a general 
understanding of the situation. 

The methods of securing data, and of analyzing them, are the 
same as those used in a former study (17). Every possible precau¬ 
tion was taken to produce and maintain uniform conditions during 
the time periods of intake, and to reduce the inherent errors to a 
minimum. The value of taking such precautions is seen in the 
uniformity of the main intake curves. I'he data for analysis 
were selected from a large scries of determinations, the selection 
being based on the absence of visible internal cracking or other 
evidence of abnormal behavior, and without any attempt to study 
the data mathematically before selection. It was felt that this 
kind of selection was justifiable, for when some sharp internal 
physical disarrangement of the seed occurs, such as cracking of 
the endosperm, the series, in which it occurs is so irregular that it 
offers insuperable difficulties to the matliematical treatment. 

As absorption in corn is much slower than in some other types 
of seeds, and the seed is so large that saturation is a matter of many 
hours, no attempt was made to carry the curves farther than 20 
per cent intake. This affords six tangent measurements, each 2.5 
per cent apart, running from 7.5 to 20 per cent, a sufficient number 
to give satisfactory values for Q,o, the coefficient for a 10® rise, 
over the range of these experiments. In order to lessen the labor 
involved in the analyses, the curves have not been run through the 
point of origin, but start at some point below 7.5 per cent of intake. 
The temperature range covered is much wider dian in the earlier 
work, and provides a crucial test of the theory that absorption is 
dominated as to rate by a chemical process. Beginning at 5® C., 
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data are presented for each 10° interval up to 55° C., a range wide 
enough for all practical purposes. 

Experimental results 

Only the data which have been used in the mathematical analyses 
need to be recorded here, one series for each temperature. The 
percentage of intake, with time, for six different temperatures, is 
shown in table I. The calculations are all based on the air dry 
weight of the seeds. The graphic presentation of the data is shown 
in fig. I, from which the effects of temperature on absorption rates 
can be seen at a glance. The curves are all fairly regular, except 
the curve for 15° C., which for some reason runs low in the early 
part of the curve, and somewhat high in the later portion. This 
irregular formation for this curve modifies the ratios of al^sorption 
rates for the curves immediately above and below. This situation 
will be referred to in the presentation of tlie mathematical analysis 
of the data, which follows. 

TAULE I 

Absorption of vater by corn in percentagk of air dry weight 


Time in 

Temperature 

minutes 








5“ 

15“ 

25“ 


45 '’ 

5.5“ 

I. 

1.58 

1.46 

2.04 

1.89 

2.01 

2.12 

5 . 

3 29 

3 - 17 


3-81 

3 79 

4.16 

10. 

4.00 

3 ^0 

4-58 

4-94 

4.86 

5.80 

IS. 

4 - 5 ^ 

4-34 

4.96 

5 -76 

6.04 

6.92 

30. 

5 23 

5-27 

6.04 

7.10 

7.95 

9.46 

45 . 

5 . 70 

5 00 

6.97 

8-34 

9.53 

11.40 

60. 

6.40 

6.09 

7.78 

9 31 

II. 12 

13. 18 

90. 

7.24 

7.50 

9 09 

11.09 

13.26 

16.30 

120. 

7.92 

8.26 

10. 36 

12.8s 

15.38 

1S.75 

i8o.1 

Q 23 

9.81 

12. 70 

15.67 

18.99 

2j. 21 

240. ' 

10. 2 

11.33 

14.40 

17.95 

21.99 


300. 

11.26 

12.89 

16.06 

19, 87 

24. 24 


420. 

10 

15.76 

19.15 

23. 2t 

27. 80 


540.... 

Id 

17.83 

21.67 



660.. 

-“t- 00 

t6 oz 

19.73 




780. 

17.3s 












Mathematical analysis 

The rate of moisture intake at any given moment can be calcu¬ 
lated very accurately from the tangent of the absorption curve at 
the time chosen. The tangent itself, however, cannot be measured 
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very accurately from an ordinary graph. In order to measure the 
velocity of absorption with accuracy, it was first necessary to 
construct mathematical curves of known form, which would follow 
the empirical data of table I as closely as possible. Then points 
of equal intake were chosen on each temperature curve, the tan¬ 
gents calculated from the formula, and the velocity of intake 
computed from the tangents. 

The equation mentioned in the introduction serves admirably 
for the construction of these mathematical curves through the corn 
data, although it was developed in connection with the work on 
cockleburs and pea cotyledons. Indeed, one seldom finds biological 
data that approach the mathematical accuracy shown by these 


TABLE II 

Formulas of calculated curves 


Temperature 

Formula 

5 . 

T=*29. 7 logio (0. oo 2 oar-|-i)+ 5 .19 
v=6o.4logio (o.cx)i 2 a: 4 -i) 4 - 4-75 
>' = 29 . 6 logxo (0.0051)4-4. 28 
3>=2o.O logio (0.00782:4-1)4-4.38 
y-32.5 logio (0. oio 6 jic 4 -i) 4-4 0o 
y=34.5 logio (0. 01402 : 4 - i)4“4.o^> 

15 . 

2<J. 

35. 

4(j . 

55. 



water absorption curves for corn. By confining attention to the 
main curve of intake (omitting initial intake, and stopping before 
saturation effects were manifest), it has been possible to express each 
temperature curve by a single equation. It is quite probable that 
the initial intake curve and the approaching saturation curve 
could be followed by the same type of curve, with different constants, 
and with common tangents at the junction points of the curves. 
The procedure is tedious, however, and the analysis would add 
little to the interpretation of the process of absorption. This phase 
of the problem was adequately considered in the paper cited. The 
six equations for the six temperatures used, with numerical values 
substituted for the constants a, 6, and c, are shown in table II. 

The abnormality of the if curve mentioned in connection with 
the data is seen here, in the constants which were required to match 
the empirical data. Its disagreement with the other members of 
the family of curves will be seen more clearly in the intake ratios. 
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The extreme closeness with which the curves calculated from 
these six equations follow the experimental data of table I is shown 
in table III, where the calculated percentage of intake is given 
for each time interval; the amount of disagreement with the actual 
data is indicated, with a plus or minus sign to show whether the 
data are above or below the calculated intake. The columns 
indicating the discrepancy between the calculated intake of water 
and the actual intake observed are worthy of note. The largest 
difference between the theoretical and observed absorption is less 
than one-half per cent, and the average difference is only one-tenth 
of one per cent. Such close agreement is very remarkable for 
biological data. 

TABLE III 

Intake calculated fkom eokmulas, with discrepancy of data 


Temperaturj-: 


Tim«: 

m 

S* 15“ 

25“ 

35“ 

4.=;“ 

55° 

MINUTES 

Calru- . c:alcu- ^ , 

('alcu- 

luted 

Calcu- 

bled 

Calcu- , 

Calcu- 

latol 



. 



6.02 —0.22 

15. 


5.23 —0 27 

5.80 —0.0.) 

6.0H —0.04 

6.92 0.00 

:<o. 

. 'j.dK —0 41 

6.11 —0.07 

7,OvH +0.02 

7.90 +0.05 

9.31 +0.15 


. 6.1 h —O.I.J 


8.25 +0.09 

9.50 +0.03 

11.38 +0.02 

60. 

6.65 —0.25 6.57 4o.12 

7,71 +0.07 

9.32 —0.01 

1 10.9s -+0.17 

13.20 —0.02 

90. 

7.52 —0.08 7-44 jo.of) 

9.13 -O.OJ 

11.22 —0.13 

13.16 —0.20 

16.28 +0.02 

120. 

7,06 —0.04 8.28 ”0 02 

10.42 —0.06 

12.87 —0.02 

' 15.58 —o..?o 

18.83 -0.08 

tSo. 

9.16 +0.07 9.88 “O 07 

12.65 +0.05 

IS 66 +0.01 

10.07 ~o.o8 

22.93 -1-0.28 

240. 

10.25 0.00 11.39 “O.OO 

14.56 —0.16 

17.94 +0.01 

21.8(1 +0.13 


300. 

11.2s +0.01 12.82 +0 07 

19.21 —0.15 

19.88 —0.01 

24.19 -j-o.os 


420. 

13.06 -j-o.oi 15.46 -|-0.30 

19.00 "ho.IS 

23,06 +0.15 

27.94 —0.14 


540. 

14.60 —0,05 17.8.-, —0.02 

21 .2g +0.38 




660.. 

16.04 —O.OI 20 05 —0.30 





780. 

17.31 1 0-04 . 



_ 



In order to measure the absorption rates under equal conditions 
within the seeds, it is essential to compare velocities of absorption 
at a time when the seeds have absorbed equal quantities of water 
above the air dry condition. By reference to fig. i, it will be seen 
that six levels of intake have been chosen for tangent measurements. 
These are indicated by the horizontal lines, where the intake, y, 
is 7.5, 10, 12.5, 15, 17.5, and 20 per cent above the air dry condition 
of the seed. In table IV is shown the length of time in minutes 
required to reach each level of intake at which the tangents were 
measured, together with the rate of intake at the moment when 
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the curves pass the tangent points. The rates of absorption per 
minute are expressed in percentages of the original dry weight of 
the seed. Table IV shows how the time required to reach a given 
stage of absorption is decreased by rising temperature, and the in¬ 
take rates show how the rate falls off with increasing absorption at 
any given temperature. 



Fig. I. -“Absorption curves for com at various temperatures: abscissae, time in 
hours; ordinates, percentage of water intake. 

From the intake velocities of table IV, the ratios of the velocities 
at equal intake levels for io° differences have been computed. 
These ratios are the temperature coefficients of absorption, Q,o, 
and are presented in detail in table V. 

The average value of Qio (the average of the averages for each 
series at the bottom of the table) is 1.537, which is very slightly 
less than the 1.55 obtained in the case of Xanthium seeds several 
years ago. The rapidly increasing ratios in the column isVs^> 
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and the correspondingly falling series of ratios 2S°/i5°, are caused 
by the peculiarities of the 15® curve, referred to earlier. The intake 
was relatively too slow during the earlier phases of intake, and too 
rapid later on to fit properly between the 5° and 25° curves. Inspec¬ 
tion of the two series shows that the 15° curve passed through its 

TABLE IV 

Rate of absorption in corn; tivii*: expressed in minutes; rate in 

PERCENTAGE OF INTAKE PER MINUTE 


Tempfrature 


cent- 

AGE 

IN¬ 

TAKE 

5 “ 

15“ 

2 S" 

3.5" 

45 ® 

55 ® 

Time 

Rate 

Time 

Rale 

Time 

Rale 

Time 

Rate 

Time 

Rate 

Time 

Rate 

7 ■ S • . 
10.0.. 

12.5.. 
I.s.o.. 

17.5.. 

20 0. . 

gS .06 
22 S. 9 « 
.aHi ,f)o 
560.7H 
79«-52 
1076.2<; 

0.02157 

0.01777 

0.014O5 

0.01206 

0.00993 

0.00818 

02.11 
184.65 
286.42 
398.41 
■>21.57 

657.06 

0.02835 

0.02577 

0.02341 

0.021 JO 
o.oiy,j6 
0.01760 

.■>5.82 
109.90 
175.. S 9 
255.3'? 

352.22 

170.02 

0.05103 

0.01201 

0 . 03.159 

0.02848 

0.02345 
0 01930 

35.22 
70.30 
112 .yi 
164.68 

227.55 

503.92 

0.07866 
0.06176 
0.05332 
0 04389 
0.03614 
0.02975 

26.55 

40.97 

77.75 

III .32 

151.18 

198.75 

0.11676 

0,09781 

0.08202 

0.06S63 

0.05749 

0.04816 

18.43 
34-75 
54 03 
76.81 

103.7.3 

1 . 35-.54 

0.16674 

O.I4IIT 

0.1104.3 
0.10108 
0.08554 
0.07239 


TABLE V 

Temperature coefficients of water adsorption in corn 


Vei.ocity ratios at given percentage of intake 


Percentage intake 

! 

V^elocitj' 15® 
Velocity 5® 

Velocity 25® 
X’clocity 15® 

Velocity 35® 
Velocity 25® 

1 

Velocity 45® 
\‘elocily 35® 

Velocity 55® 
Velocity 45® 

7-5 . 

I-314 

1.800 

I -541 

1.484 

1.428 

ro. 0. 

I 450 

1.630 

I - 541 

T.5TO 

1.443 

12.5. 

1.602 

1.476 

1.541 

1.538 

1.456 

iS-o. 

I. 766 

I 337 

I ■ 541 

1.564 

I • 473 

T 7 .S. 

1.950 

1.211 

1 .S 4 T 

I-SQI 

1.488 

20.0. 

2. 152 

1.097 

I -541 

I. 619 

I 503 

Average. 

1.706 

1.425 

1.541 

1-551 

1-465 


normal position at an intake of about ii per cent. On several 
other occasions irregular absorption behavior has been observed 
at 15° C. This is probably mere coincidence, however. The data 
are too meager to justify the suggestion that the irregularities may 
be due to a critical temperature relation. Individual peculiarities, 
including differences in absorptive capacity, will no doubt account 
for all the irregularities observed. 












270 BOTANICAL GAZETTE [may 

Discussion 

The quantitative study of absorption is beset with numerous 
difSculties, not the least of which is the variability of the absorbing 
material. The early intake data of table I show that corn grains 
are somewhat irregular in moisture intake during the first fifteen 
to thirty minutes, regardless of strict control of the conditions. 
After that time the intake is fairly unifonn, barring internal physical 
changes. The behavior suggests that there is a certain amount of 
heterogeneity in the substance of the grains, which may bring about 
irregular absorption through variations in the quantity of the com¬ 
ponents present in individual seeds, the components themselves 
possibly having different absorption rates at the same temi[)craturc. 
After a time the intake becomes regular, and the temperature 
influence becomes visible. Our quantitative studies in this case 
deal only with the main curve, after the initial irregularities have 
disappeared. 

So many cases of irregular absorption have been observed during 
the last ten years that one might be inclined to think that the cases 
which can be analyzed mathematically with any degree of exactness 
are the exception, not the rule. Sometimes the changes in the rate 
of absorption are so great that analysis becomes impossible, or 
meaningless, and would require tangent sectors of different types 
of curves to follow the data. Moreover, after such sectors had been 
worked out, it is possible that they could not be interpreted. The 
irregularities of intake result from a number of causes which may 
be briefly touched upon. 

Heterogeneity is a rather common cause of irregular behavior, 
especially in seeds, where coats, embryos, and endosperm of different 
kinds may possess widely different physical and chemical constitu¬ 
tion. If the seed coat is very porous, embryo moderately absorp¬ 
tive, and endosperm'very hard and resistant, the absorption rate 
will be changed as each part absorbs its quota of water. In some 
cases impermeability of the coat may cause abnormal results. The 
hard seeds of legumes may be cited in this connection. In one 
experiment with beans, an individual seed lay for three days 
immersed in water before significant intake began. One such seed 
in an experimental group would cause the mathematician much 
trouble. 



1924 ] SHULL & SnULI^ABSORPTION 

Another potent cause of irregularity was pointed out in the 
work on pea cotyledons. Internal breaks are of frequent occur¬ 
rence. After running along uniformly for an hour or two, intake 
shows a sudden increase, the absorption for a given period being 
perhaps twice what one would expect from the preceding portion of 
the curve. In such cases, on careful inspection of corn grains one 
can often find cracks in the endosperm which are visible through 
the unbroken coat. The formation of the internal cavity sets up 
a partial vacuum, into which unabsorbed water is drawn. A 
number of carefully run series had to be discarded on this account. 
Accurate analysis would have been impossible. 

Internal structure may modify absorption rates to such an 
extent that the data are not a measure of absorption as such. 
Tins is the case in dealing with absorption by small blocks of wood. 
Cubes of cherry wood not more than a few millimeters in diameter 
were kept immersed in water at 25° C., and, small as they were, it 
required from fifteen days to a month or more for them to reach 
their maximum weight. It is evident here that it is not simple 
absorption of water by wood that is being measured. The tracheae 
are full of air, and on immersion the water cannot enter and dis¬ 
place the air, but merely enters the open ends of the tracheae, 
and penetrates through the walls where there is no air to displace. 
The long, slow absorption period is j)robably dominated by the 
solution of the gas, as in waterlogging, and the data do not reveal 
the absorption rate of the wood substance. If the blocks arc first 
strongly evacuated, and water introduced over them while in this 
condition, considerable water enters at once, and the whole curve 
of increasing weight is changed. 

One of the most interesting cases of irregular absorption behavior 
was found in the tissue of Auricularia. Square pieces of the fungus 
were allowed to dry, giving pieces about 8 mm, square and 0.5 mm. 
thick. One of these pieces weighed 0.0242 gm. Immersed in 
water at 25^0,, it required twelve days to reach its maximum 
weight, at which time the increase in weight was 2310 per cent. 
The rate was not uniform during the period, nor did the rate decrease 
in orderly fashion with time. In the first two minutes the intake 
was more than 100 per cent, mainly from the porosity of the outer 
layers of the tissue. During the first twenty-four hours the total 
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absorption was 455 per cent, and in the second day it was 78 per 
cent. The rate of intake remained at about that level for a day 
or two, and then began increasing again. On the fifth day it was 
129 per cent, the sixth day 160, and the seventh day 279 per cent. 
During this second rapid period of weight increase, the middle 
layer of the fungus tissue became clear, gelatinous, and highly 
swollen. Finally the piece split apart through the middle layer. 
In this case it seems liighly probable that the rate of absorption 
is partially determined by chemical changes, perhaps in the nature 
of transformation and hydration of polysaccharide carbohydrates. 
After the tissue had passed the maximum point of increased weight 
at the end of twelve days, it was allowed to become air dry again. 
On reweighing, it was found to have lost 31 per cent of its weight 
during absorption. This behavior reminds one of the results 
obtained by MacDougal, Richards, and Spokhr (10, ii), with 
other biocolloids, discs of cacti, etc. 

These irregularities of behavior often make the problem of 
interpretation difficult, and one must expect specific behavior in 
all kinds of objects, depending upon structure, composition, 
physical and chemical behavior of the materials used. It fol¬ 
lows, also, that there is probably no rate law for absorption. The 
fact that a single type of curve has been successfully fitted to the 
absorption data of several types of seeds is not sufficient evidence 
for a rate law, but merely shows that when conditions are uni¬ 
form inside and outside the absorbing body, the processes of water 
absorption proceed regularly, in accordance with the physical and 
chemical forces operating. 

One of the problems connected with the investigation of absorp¬ 
tion rates, particularly in the seeds of the Gramineae, is the localiza¬ 
tion of water intake by the investing membranes of the caryopsis. 
Collins (7) studied absorption by barley grains, and came to the 
conclusion that there are localized areas at the germ end of the grain 
through which most of the water passes. Using iodine solutions 
to render the progress of intake visible, he drew the general conclu¬ 
sion that ‘‘the entry of iodine solutions into the barley grain is not 
general and uniform over the whole surface of the grain, but its 
uptake is localized at the germinal end, and it is distributed periph- 
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erally in the endosperm along the subalcuronic layer of starch 
cells of the curved surface.’' Tests with acids and stains seemed to 
confirm the idea that both water and solutes gain entry in the 
micropylar region through a selectively active tract of cells which 
constitute a specialized local path of entry. 

The same general conclusion was reached by ITakrtngton and 
Crocker (9), who studied the entry of iodine solutions into the 
caryopses of Johnson grass and Sudan grass. The solution seemed 
to enter through the liilar orifice, or micropyle, or both, and to 
spread in a distal direction along the inner surfaces of the aleurone 
layer and scutellum. 

Preliminary studies made on corn at the University of Kansas 
indicated general permeability of corn seed coats to water. Love- 
joy’s osmosis tests were made with coats taken from the main 
lateral areas of the grain; and these were not only permeable to 
water, but also allowed salts used as solutes to pass out slowly 
during the exhibition of osmotic action. These facts point to coat 
permeability to both water and salts. Some iodine tests made at 
the University of Kentucky indicated that the coats of corn allow 
iodine also to penetrate the surface of the grain generally, a fact 
observed by Harrington and Crocker. The entry in the case 
of Hickory King corn, however, appears to be more rapid over the 
flank surfaces than over the distal areas of the coats. Water also 
enters with considerably greater rapidity through the proximal 
portions of the integuments, even wLen the micropylar and hilar 
areas are scaled over. These iodine studies (i) indicate that 
Collins, and Harrington and Crocker have possibly misinter¬ 
preted the progressive distal ward staining of subalcuronic tissues 
with iodine. The evidence is clear in the case of corn that there is 
very little transfer of iodine through the tissues in any direction, but 
that the iodine is adsorbed or chemically combined as it enters, 
and is not very free to travel through the tissues. The a])pearance of 
distalward movement in barley is undoubtedly due to differential per¬ 
meability of the caryopsis integuments, the iodine penetrating more 
rapidly over the proximal regions, and progressively less rapidly 
toward the distal end of the grain. This gives, with time, the appear¬ 
ance of a distalward movement of iodine in the subaleurone region, 
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which in reality does not take place. This situation has been 
demonstrated for wheat by Braun (2) at the Cincinnati meeting 
of the Botanical Society of America. His work and the work done 
in the Hull Botanical Laboratories on this point are in general 
agreement. 

Since Reichard (13) had associated the semipermeability of 
barley seeds with a tannin layer, some microchemical tests of corn 
were made, on both yellow and white com seed coats. The tests 
showed only minute amounts of tannin present in isolated cells or 
groups of cells. No evidence of a tannin layer was found, so that 
any semipermeable properties present do not depend upon tannins. 
In this connection it should be noted that Collins was not able 
to confirm Reichard ’s claim of a definite tannin layer in the 
barley grain. 

The main purpose of this work was to put the chemical theory of 
water absorption proposed by Brown and Worley (6) to a crucial 
test. If absorption is determined as to rate by chemical simplifica¬ 
tion changes in water, the polyhydrones dissociating as the temper¬ 
ature rises and providing larger quantities of simple hydrone which 
alone can pass the membranes, and if it has a temperature coefficient 
of two or above, then a rise of 50® C. should result in a rate of intake 
about thirty-two times as great at the highest temperature as at 
the lowest of the range used. If the increase were not so large, 
the amount by which it feU short would be a general measure of the 
failure of the theory. 

The total increase in absorption rate for the 50° rise can 
be obtained from the ratio or the five average ratios of 

table V may be multiplied into one another successively. By either 
method it is found that the rate of water intake at 50° C. is somewhat 
more than eight times as rapid as at 5^^ C., instead of thirty-two 
times as great. In other words, the increase in absorption brought 
by a 50° rise in temperature is only about one-fourth as much as 
would be expected if the process were determined by some chemical 
change, as has been proposed. The results are strongly against 
the chemical hypothesis. 

Attention is also called to the fact that the values of Qio in 
table V show little if any tendency to decrease at high temperatures, 



19241 SHULL 6* SHULL—ABSORPTION 275 

as one might expect from the Arrhenius temperature law, if we are 
dealing with a chemical process. While the formula upon which 
the Van't Hoff rule is based docs not provide for a smaller temper¬ 
ature coefficient as the temperature rises, the more correct formula 
of the Arrhenius law shows from its plotted curve (12) that the 
value of Qio tends to decrease at high temperatures. Biological 
processes involving chemical changes frequently show reduction of 
the temperature coefficient as the temperature becomes extreme. 
In some cases these results are caused by the harmful action of heat 
upon the protoplasm; but such reductions at high temperatures 
are in agreement with the Arrhenius law, and would be expected 
even if the protoplasm were to remain unharmed by the heating. 
While our results are made irregular by a poor if curve, the 
average value of Qio at the highest temperature used is still higher 
than the values at 25° and 35°, and only slightly below that at 45°. 
There is no striking tendency to decrease as shown in these figures, 
and very little should be expected if we are dealing with a process 
largely non-chemical in nature. 

The data as a whole constitute additional evidence in favor of 
the point of view developed in previous work, that absorption is as 
complex as many other life processes, and involves both physical 
and chemical factors. The fact that the value of Qjo is not so very 
much above the coefficient for physical processes should indicate 
that it is mainly a physical process, as has always been assumed. 
Furthermore, it seems very probable that temperature effects upon 
the seed colloids account satisfactorily for the slightly higher value 
of the temperature coefficient for absorption in corn. 

Since it has been possible to run these curves very close to the 
experimental data with the same logarithmic formula as was used 
with Xanthium seeds and split peas, it is clear that the data are 
adverse to the idea that the velocity of absorjjtion is an exponential 
function of the temperature. Whenever it is possible to apply 
the equation used in this paper to the curve of absorption, the 
velocity is determined by the previous absorption, rather than by 
temperature. The formula which expresses this relation has been 
given in the introductory paragraph. The corn absorption is then 
another case in which the velocity of intake at any moment is an 
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inverse exponential function of the total previous intake. In 
discussing the problems of permeability, Stiles (i8 ) remarks that, 
aside from the j)recision in measuring tangents, and from them the 
velocity of absorption, such formulas as the equations used to 
represent the curves of water intake in this work do not tell us much 
about the nature of absorption and permeability. This critical 
judgment of the method is well taken; and the only use we originally 
had for the formulas was to substitute precise methods for rough 
methods of measuring tangents. For that purpose any regular 
mathematical expression that followed the data faithfully could 
have been used with equally precise results. It would be hard 
to find a mathematical formula that serves this purj^ose any better 
than the one here used. The only other conclusion that we reach 
from the mathematical expression used is the conclusion as to the 
velocity being an inverse exponential function of the previous 
absorption; and that conclusion is implicit in the formula used, a 
conclusion made necessary by the nature of the equation. The 
conclusion that the process of absorption is physical mainly rests 
on the Qio values, which would have been the same if calculated 
from any other curve following the same data. 

In Brown and Worley’s theory of water intake, the semi- 
permeable membrane had an important nMe in determining the 
rate of water penetration. It was held that only simple hydrones 
could pass through such ^ a membrane, while the complex poly- 
hydrones or associated H2O groups would be held back. Water 
absorption through semipermeable seed coats, however, has about 
the same temperature coefficient as absorption in the absence of a 
membrane. This makes it improbable, as was previously stated, 
that semipermeability is important in determining the rate of 
absorption of water, when supplied as distilled water. 

During the last twenty years the fact that many seeds are 
provided with selectively permeable coats has become well estab¬ 
lished in the literature (3, 4, 8, 15, 16). An occasional paper 
appears, however, in which the significance of this fact seems to be 
overlooked, and it is advisable to lay emphasis upon the presence 
in seeds of osmotic membranes, capable of showing the same 
behavior toward solutions as do membranes of living protoplasm. 
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In all cases where such membranes arc present, they will affect 
the rate of water intake if water is supplied in the form of a soluimi, 
whether of nutrient or non-nutrient salts. 

This seed coat condition, for instance, accounts for a large part 
of Rudolfs’ (14) results, although he mentions none of the pertinent 
literature. The behavior wliich he describes is exactly what would 
be expected of seeds possessing semipermeable coats, and has 
exactly the same significance as the fact that a saturation deficit 
can be produced in a living cell i)oss('ssing a semipeimeable proto¬ 
plasmic membrane, by means of KNO^ solutions. Of nine kinds 
of seeds used by Rudolfs, six are from families in which semi- 
permeable coats have been described. The mere fact that nutrient 
salts were used does not change the nature of the phenomenon. 
In the cases where absorption seems to be increased above normal 
by salt action, the formation of soluble organic materials within the 
semipermeable seed coat may account for the results, or we may be 
dealing with membrane equilibria. In Xanthium seeds the forma-' 
tion of osmotically active solutes inside the seed leads to excessive 
water intake. This is particularly true with KOH and acetic acid. 
Possibly the behavior of K2CO3 in Rudolfs^ work is to be expdained 
mainly on the basis of the hydrolysis of the salt, the production of 
KOH, and the internal effects of KOH on the seed substance, 
(‘oupled with semipermeable coat effects. This problem has 
received critical consideration by Brown and Tinker (5) with 
reference to phenols and acetic acid. 

The w'ork presented here confirms in detail the results obtained 
several years ago with seeds belonging to families far removed 
from tile Gramincae. The mere fact that seeds of Xanthium are 
fatty, peas rather high in protein, and corn rich in carbohydrates, 
has little to do with the physics of absorption. It may have 
something to do with the total amount taken in at saturation, for 
corn saturates at more than 60 per cent, Xanthium at a little over 
50 per cent, peas at 75-90 per cent (according to the variety), and 
some other legumes at still larger amounts; but the velocity 
apparently is determined by physical factors largely, with the state 
of the colloids modifying to a certain extent the rate of water entry. 
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Summary 

1. A study of the influence of wide temperature differences on 
the rate of water absorption by seeds of corn has been made, with 
results in complete agreement with a similar study of Xanihium 
seeds and pea cotyledons made previously. 

2. Tht same Xypt of formula, and the methods of mathematical 
analysis used with other seeds, were found to apply with great 
exactness to the data obtained with corn. 

3. The temperature coefficient over the range from 5°-SO° C. 
averages 1.537, somewhat above the coefficient for purely physical 
processes. This coeflicient is to be compared with that of 1.55 for 
Xanthium seeds, and 1.6 for pea cotyledons. 

4. The rate of absorption at 50° C. is somewhat more than eight 
times as fast as at 5° C., whereas the chemical theory of absorption 
would call for a rate thirty*two times as great. 

5. The increase is therefore only one-fourth of what one would 
expect if absorption rates were determined by hydrone simplification 
of water as the temperature rises. 

6. From mathematical considerations, the velocity of intake at 
any given moment must be considered as approximately an inverse 
exponential function of the amount of water previously absorbed. 

7. Attention is called to a number of cases of irregular absorption 
rates, which indicate that many substances have specific absorption 
behavior. A rate law with wide applicability is not to be expected. 

8. The importance of semipermeability with reference to the 
intake of water from solutions of various kinds is pointed out. 

University or Chicago 
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EMBRYOGENY OF ABIES 

A. H. Hutchinson 

(with plates xvii-xx and three figures) 

This investigation of the embryo development in Aims was 
begun during the summer of 1914. Since that time much additional 
material has been collected, in order that gaps might be filled in 
the series and that no stages might be omitted. The most complete 
series is that of Abies halsamea collected in Algonquin Park, Ontario, 
but sufficient sections of A. grandis and A. amabalis have been 
made to establish the similarity of these species with respect to 
the development of their embryos. MiYAKii: (8) studied the early 
stages of the proembryo of A. balsamea, and his figs. 3S”"40 show 
that the development up to the eight-celled stage is similar to that 
of Pinus, Buchholz (i, 2) states that Abies ‘^probably has 
proembryos identical with Pinus ,and that ‘‘in a few rare instances 
a divided rosette cell and a more advanced rosette embryo were 
found; cleavage polyembryony was found in a few cases.^^ Beyond 
this stage no records are available. 

Proembryo 

In an earlier paper (6) the first division of the zygote nucleus 
has been described. The first and second free nuclear divisions 
occur during the lime the proembryo is moving from the central 
area of the egg cytoplasm to the pole remote from the micropyle. 
During the late telophases and until the early prophases the 
nuclei are quite large, 40-50 ^ in diameter, and show vacuolated 
chromatic strands (text figs. 1-3). At the time of fertilization the 
egg cytoplasm is filled with large and abundant food bodies, chiefly 
starch grains. This food is rapidly digested and utilized to such 
an extent that when the four nuclei have reached the abmicropylar 
pole, the cytoplasm, which has accumulated in the same region, 
contains only a small residuum of finely granular food material 
surrounding the nuclei. The next divisions result in two tiers of 
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four cells each, the abmicropylar cells containing the greater 
p)ortion of the remaining food store, while the nuclei of the open 
cells have a very limited supply (figs. 3-6). It seems probable 
that this condition may be a determining factor in the modification 
of succeeding stages of development. 



Fig. I. —Embr>'o of Abies surrounded by giinietophyte 


Ordinarily the procmbr}^o development ends at the eight-celled 
stage, the four abmicropylar cells being primary embr\^o cells and 
the admicropylar four resembling the open tier of Pinu$ (figs. 3, 
5, 6, 7). Out of many, only three cases were found where a third 
tier was interposed, and in these instances the cells were scantily 
supplied with cytoplasm, platelike in form, and suspended in the 
open region resulting from the rapid movement of the primary 
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embryo cells toward the abmicropylar gametophyte tissue. 
Whether this interposed tier is homologous to the suspensor cells or 
to the rosette cells can only be conjectured, largely because of their 
infrequent occurrence and their temporary nature. Moreover, no 
divisions have been found in the open tier of cells, and since the 
movement of the abmicropylar cells begins very soon after their 
formation, it is difficult to determine whether the division of the 

tier in any given case is about to 
result in the production of primary 
embryo cells and suspensor cells, 
or of tlie cells of the embryo and 
embryonal tubes. It is remark¬ 
able that, with few exceptions, 
neither rosette nor suspensor cells 
are formed. The nuclei of the 
open tier rapidly disintegrate, 
while the primary embiy’o cells 
move into the gametophyte tissue 
and continue digestive and mitotic 
activity. 

Cleavage polyembryony 

Cleavage polyembryony occurs 
in approximately 10 per cent of 
the cases studied (figs. 8, 9, ii). 
Not infrequently as many as four 
embryos reach the eight to sixteen- 
celled stage before elimination 
through competition begins 
(fig. 8). Cleavage of the primary 
embryo cells depends directly upon the completeness of the fiber 
system formed during the eight-celled stage. In some instances the 
fiber area reaches to the tip of the proembryo (fig. 5), but more 
frequently it forms an incomplete plate between the primary 
embryo cells (fig. 3), and in some cases this plate seems to be 
absent. Where complete cleavage does not take place there may 
be a variable degree of separation at the admicropylar end of these 



Fig. 2.—Embryo of Abies^ showing 
early stage in development of coty¬ 
ledons. 
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cells (figs. 6, 7). The wall does not form in the ordinary way along 
the central axis of the fiber mass, but instead a membrane is laid 
down at the margins of the fiber area, and as the fibers disintegrate 
the delimited area remains as an open intercellular space. In the 
reduced proembryo of eight cells the fibers between the two tiers 
of cells have a similar history. In this manner the primary embryo 



Fig. 3.—Transverse section of cotyledons of Abies 


cejls become free to move into the gametophyte tissue (figs. 3, 5, 
6, 7), There is evidence that cleavage polyembryony in Abies is 
the result of this peculiar development of detached pairs of adjacent 
cell walls during the mitoses of the proembryo. 

Intercalary growth of embryo 

The early growth of the embryo is linear. The division of each 
primary embryo cell is followed by a number of intercalary divisions 
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in the same direction. In embryos where cleavage has been 
initiated in the i>roembiyo the result is a filament of six or eight 
cells (fig. 9), several of which have elongated to form embryonal 
tubes, otherwise there are four (or sometimes two) chains of cells 
joined to form a single embryo, each chain elongating by intercalary 
divisions (figs. 8-14). Fig. 13 show^s a case where an admicropylar 
cell of one series has divided first, while the abmicropylar cell of 
the other scries has been first to divide. The only cells which 
do not divide are some of the admicropylar w^hich develop into 
embryonal tubes. It is during this period of intercalary growth 
that the embryo moves most rapidly in the abmicropylar direction. 

Formation of massive embryo 

Linear, intercalary growth with the formation of transverse 
walls is followed by divisions, the walls of which are in the direction 
of the main axis (figs. 9, ii, 14, 16). The filamentous embryo, 
resulting from cleavage of the proembiy'o, is thereby converted 
into an embryo of four series of cells, which resembles the preceding 
stage of an embryo where no cleavage has taken place (fig. it). 
Periclinal w^alls are formed next, producing central and peripheral 
areas (figs. 15, 17). These regions are the primary structural 
units, and their identity is maintained throughout the development 
of the embryo. The peripheral layer, or protoderm of Haberlandt 
(5), is the first region to •become differentiated. The cells of this 
layer covering the abmicropylar end of the embryo divide only by 
anticlinal walls, giving origin to the epidermis; whereas the cells 
at the admicropylar end divide in all planes but most rapidly in 
the plane of the longitudinal axis, thereby giving origin to the 
massive structure which at first is suspensordike in function, and 
which later becomes the coleorhiza and root cap, successively 
(fig. 18). The cells of the central area divide at a fairly uniforfn 
rate in all planes, thereby producing a globular mass of undiffer¬ 
entiated cells (fig. 18). The admicropylar elongation at this stage 
is accompanied by an abmicropylar movement of the embryo and 
by a rapid disintegration of the terminal cells. The embryo at 
this time is decidedly club-shaped. 
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Mitotic activity 

The primary dilTerenliation of the embr^^o may be expressed 
almost entirely in tenns of mitotic activity. As already noted, 
the protoderm is the first re^^ion where the planes of division are 
limited in number, and the regularity of these divisions gives rise 
to the epidentiis and eoleorhiza. The cotyledons are the result of 
decreased or suppressed mitotic activity at the abmicropylar 
end of the longitudinal axis, accompanied by constant or increased 
activity at the marginal region surrounding this area. The nuclei 
of the former region are in the resting condition, as shown by their 
many nucleoli, whereas the commonly occurring mitotic figures 
in the latter region give e\'idence of both dermal and subdcTinal 
activity. Inequalities in this activity produce lobes or the primordia 
of cotyledons (figs. 19, 20). 'Fhe number of these areas of increaserl 
miUdic activity and hence the number of cotyledons varies about 
the mean of four or five. At this time the cells of the embryo are 
all nearly isometric, and there is no ap])arent dirferentiation of 
the cytoplasm. Another area of suppressed mitotic activity is 
found at the admicropylar end of the central area in contact with 
the developing root cap (tig. 21). 'Fhis group of cells is similar 
in ])Osition and general conformation to those cells which many 
have called the initials.” These have shown rei)eatcdly, however, 
the same resting characteristics as the dormant stem tip cells, 
whereas the cells surrounding them are mitotically active. When 
the cotyledons have attained a])})roximately one-half their mature 
length the procambial strands begin to appear. In some instances 
they may be detected in the admicropylar or radicle region first, 
but ordinarily their appearances are simultaneous from the margin 
of the region of sup})resscd activity at the lip of the radicle to the 
terminal region of the cotyledons. The procambial strands are 
composed of cells which resemble the cambium in mode of division, 
that is, their walls are in the direction of the longitudinal axis 
only. The tension resulting from transverse di\'isions in the 
adjacent cells causes the elongation of the procambial cells. 

In following the development of primary raoq^hological units 
in the embryo of Abies, one is forced to the conclusion that these 
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units are not functional primarily, but are the result of the nature 
and degree of mitotic activity, and later they perform some function 
or other. The epidermis arises as a peripheral region of anticlinal 
walls and becomes a single-layered, absorptive and later a protective 
region. The root cap arises as a peripheral region of periclinal 
divisions chiefly, and becomes a suspensor and later a protective 
region. The cotyledons arise as regions of augmented mitoses 
and become food storage organs and later a source of food. The 
stem tip arises as a region of suppressed mitotic activity and later 
becomes the most marked of growing regions. The procambial 
strands originate as regions of axial divisions, and by similar 
divisions continue to give rise to conductive cells. The little 
explored field of investigation which deals with the factors determin¬ 
ing the nature and rate of mitosis is basic to any explanation of 
embryo development. 

Discussion 

The events of the very early proembryo as described in this 
paper confirm the account of Miyake (8 ). There is, however, 
a very marked difference between the later embryos found in 
my specimens of Abies and those described by Buchholz (2, 4). 
The latter states that ^‘in Abies the normal product of a 
fertilized egg is a single embryo. The group of rosette cells is 
present, and in a few rare instances a divided rosette cell and 
a more advanced rosette embryo were found.” On the contrary, 
cleavage polyembryony frequently occurs in Abies, a distinct 
separation being evident in 10 per cent of the instances and an 
incomplete cleavage in a large proportion of those remaining. 
No rosette has been found, but vestiges of what may be regarded as 
rosette cells were seen (fig. 4), and it is not probable that these 
would have been seen in the dissected embryos studied by 
Buchholz. The fact that an embryo sometimes begins to develop 
from the fertilized ventral canal cell (6), together with the difficulty 
which Buchholz found in clearly distinguishing the cells which he 
describes as rosettes, may explain the apparent contradictions. 
To quote: ‘‘The basal plate, a deposit formed within the egg over 
the rosette cells, is very thick and frequently obstructs a clear view 
of the rosette cells, which also collapse early unless a rosette embryo 
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happens to develop. ’ ’ The embryos of A hies which I have examined 
resemble those described for Pseudoisuga (4) more nearly than those 
of any other conifer. 

The peculiar mitotic figure described by Miss Kildahl (7) for 
Finns in the proembryo is similar to those occurring in Abies. 
In Pinus the plate of the unusual fibers is axial in direction, and 
may be regarded as accounting for the cleavage polyembryony, 
as in Abies. In Abies similar structures with resulting walls are 
formed transversely, thereby making possible the movement of the 
primary embr}^o cells away from the open tier. 

The embryo of Abies shows many advanced characters, chiefly 
in the form of reduction and the elimination of ancestral or primitive 
features, notably the rosette cells, .suspensor cells, and the apical 
cell. Another feature which may or may not be advanced is the 
occurrence of cleavage polyembryony. Buchiiolz regards this 
as a primitive character. Primitive characters are usually constant 
features of lower orders or even of divisions, such as is the case with 
suspensors and apical ('ells, or arc present in geologically more 
ancient fonus, but on a basis of such evidence there is no reason to 
supjiose that cleavage polyembryony is primitive. Moreover, 
Abies furnishes rather satisfactory evidence that cleavage poly- 
embiyxmy is a derived condition. Ordinar}’ cell divisions in the 
proembryo result in single embr}-os, while modified divisions 
(figs. 5-7) result in cleavage of the proembryo. It may be noted 
also that the proembryos which are most reduced in the number of 
cells show cleavage, while those which are less reduced (fig. 4) do 
not show cleavage. To concede that cleavage polyembr>"ony is a 
derived character does not affect the position of Pinus necessarily, 
since it has very frequently been demonstrated that living forms of 
remote lineage exhibit a complex of derived and of primitive 
characters. In any event, it may be conceded that the proembiy^o 
and early embr>'0 of Abies are advanced or derived in many respects. 

Summary 

I. The proembryo of Abies ordinarily consists of eight cells 
only, in two tiers, the admicrc^ylar open tier and the abmicropylar 
primary embryo tier of cells. 
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2. Very infrequently a third tier is interposed, which may repre¬ 
sent the rosette or the suspensor. 

3. Cleavage polyembryony frequently occurs, and is the result 
of modified spindle structures. 

4. The early embryo grows by intercalary divisions; an apical 
cell is not formed. 

5. Primary periclinal divisions delimit the central region from 
the protoderm; these regions persist as primary structural units. 

6. Regions which become tissues are differentiated primarily 
because of specific mitotic characters and later assume functional, 
characters. 

7. The stem tip and the “initials” are regions composed of 
resting cells in the early embryo. 

8. The embryo of Abies shows many advanced or derived 
characters. 

University of British Columbia 
Vancouver, B.C. 
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DESCRIPTION OF PLATES XVII-XX 

M figures are drawn with the aid of a camera lucida. 

Fig. I.—Nuclei resulting from first division of zygote, imbedded in egg 
cytoplasm. 

Fig. 2.—^Two of the four nuclei which have migrated to abmicropylar end 
of egg c>i;oplasm. 
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Fig. 3.—^Eight-celled stage which proves to be complete proembryo in 
most instances, showing primary embryo cells and open tier; note transverse 
plate of disintegrating fibers and two parallel w’alls separated by fiber area, 
also axial fiber plates, incomplete. 

Fig. 4.—Unusual embryo, showing vestigial cells interposed between open 
tier and primary embryo cells; latter have moved some distance in abmicro- 
pylar direction and are dividing to form terminal embryo cells and embryonal 
tubes. 

Fig. 5.—Proembryo in which transverse plate of fibers has disintegrated, 
releasing primary embryonal cells; axial plate is complete as in cases of cleavage 
poIyembryon}\ 

Figs. 6, 7.—Primary embr>'o cells moving away from open tiers. 

Fig. 8.—^'Phree of four embryos which have resulted from cleavage of 
proembryo, surrounded by food material derived from gametophyte; embryonal 
tube cells rapidly disintegrating; axial divisions already taken place in two 
embryos. 

Fig. Q.—Embryo which has resulted from cleavage of proembryo and 
w'hich formed filament of eight or more cells before axial walls were formed. 

Figs. 10, 12, 13.—Embryos comiX)scd of four series of cells. 

Figs, n, 14, 15, 16.—.-Vp}>earance of periclinal walls. 

Fig. 17.—Primary periclinal w’alls complete, thereby delimiting primary 
central and peripheral regions. 

Fig. 18.—Massive embryo; peripheral region (protoderm) showing two 
areas, abmicropylar with antit linal divisions only, admicropylar with periclinal 
divisions chiefly; central region undifTerentiated. 

Fig. 19.—Massive embryo, similar to fig. 18, cxxept that increased mitotic 
activity is giving rise to cotyledonary protuberances. 

Fig. 20.—Increased mitotic activity in region of cotyledonary outgrowths 
associated with resting condition of cells at abmicropylar tip. 

Fig. 21.—Origin of procambial strands in root as cells dividing only by 
axial walls; “initials” in resting condition, their nuclei having numerous 
nucleoli. 

Fig, 22.—Eater stage of cotyledons with procambial strands appearing; 
stem tip in resting condition. 

Fig. 23.—Differentiation of stem tip, procambial strands, cortex, and 
epidermis. 



IRON SUPPLY IN A NUTRIENT MEDIUM^ 

H. S. Reed and A. R. C. Haas 


It has long been known that most plants become chlorotic when 
the nutrient medium is deficient in soluble iron salts. The problem 
of a suitable iron supply, although of great importance in artificial 
cultures, has never been solved satisfactorily. The composition 
of many nutrient solutions is such that soluble salts of iron cannot 
remain in solution for more than a brief period of time. Investi¬ 
gators have sought to meet the problem by frequent renewals of the 
solution, or by frequent additions of iron salts. The earlier workers 
generally employed inorganic salts of iron, but recent workers have 
also employed organic combinations, such as the citrate or tartrate. 
The ‘‘soluble ferric phosphate’^ seems to be a very satisfactory 
form of iron for water cultures. Duggar (3) pointed out that this 
material seems to give a colloidal solution of high dispersity and 
high stability, even in the presence of other salts. The possible 
significance of the colloidal state of nutrient salts for plants has 
recently been suggested by Comber (i). 

In the course of an investigation on the growth of citrus trees 
and their absorption of materials from nutrient solutions, numerous 
cases of chlorosis appeared from time to time, despite the fact that 
special attention was given to the supply of iron salts. Not all 
cases of chlorosis in the trees could be correlated with an insufficient 
supply of iron. They often ap[>eared to be connected with nutri¬ 
tional disturbances due to the absence of other nutrient ions. 
For example, when orange trees were grown in sand cultures receiv¬ 
ing a potassium-free solution, incipient chlorosis appeared in the 
young leaves, but later the normal green color developed. Trees 
grown in sand cultures receiving a magnesium-free solution devel¬ 
oped another type of chlorosis, which spread from a narrow strip 
along the midrib of the leaves until a considerable portion of the area 
was affected. Garner (4) has shown that certain types of chlorosis 

* Paper no. 104, University of California, Graduate School of Tropical Agriculture 
and Citrus Experiment Station, Riverside, Cal. 
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in tobacco may be due to a deficiency of magnesium or of potassium. 
Miller (ii) and others have observed chlorosis of lemon leaves, 
which was due to a peculiar physiological condition of the trees, 
caused by the growth of adventitious roots. When lemons have 
been budded on sour stocks it sometimes happens that roots will 
grow from the base of the lemon trunk, just above the bud union. 
In such cases the branches directly above these adventitious roots 
usually bear chlorotic leaves. Recovery of these leaves follows 
the amputation of the root. I'he relation between the adventitious 
roots and the chlorotic leaves is not understood. 

The relation of iron to chlorosis in citrus trees is not so certain 
as one might conclude from a hasty survey of the problem, although 
there arc many cases in which the lack of iron is unquestionably 
the causal factor. Chlonxsis may appear in citrus trees in the field, 
when the roots come in contact with a large excess of calcium and 
magnesium carbonates, or a large excess of sodium and potassium 
carbonates (Lipman 9). 

Whether or not the chlorosis on the two types of abnormal soils is identical 
in nature, it is clilhcult to say with finality. There arc certain difTcrences in the 
appearance of trees and foliage between the two cases which counsel caution 
in rendering a decision on the i>oint in question, and yet, in general, the disease 
seems to be the same. 

From analytical data of soil extracts from normal and corral soils, 
Lipman reports that the extract of the normal soil was higher 
than that of the corral soil in total solids, volatile solids, non¬ 
volatile solids, nitrates, calcium, and magnesium, but that the 
reverse was true for phosphorus, potassium, and sodium. The 
OH-ion concentration of the corral soil was high, and no soluble 
iron was fouhd below the first 8 inches of soil in either case. Lipman 
is of the opinion that a lack of usable iron for the nonnal. functioning 
of the chlorophyll in citrus leaves still seems the best explanation 
for the cause of citrus chlorosis, although certain aspects of the 
question are obscure. 

Gile and Carrero (7) have shown that for rice plants neither 
increased calcium assimilation nor mere alkalinity is the primary 
cause of chlorosis, but that it is the insolubility of iron brought 
about by these secondary factors. Gile (5) analyzed pineapple 
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plants grown in soils high and low in calcium carbonate, and found 
that the chlorotic plants on calcareous soils contained more calcium 
and less iron in the ash, the other dilTerences being slight or incon¬ 
stant. He also found that the alkalinity induced by increasing 
amounts of sodium carbonate greatly depressed the growth without 
alYecting the color of the plants. 

McCall and Haag (io) have reported chlorosis in wheat plants 
in sand cultures when grown at different P„ values ranging from 
Ph 4.02 to Ph 7.0. Van Alstine (14) found slight chlorosis in plants 
grown in solutions having a P,, value of 4.1. Hoagland (8) has 
emphasized the necessity of soluble iron in culture solutions, and 
has pointed out that the presence of sufficient dissolved iron in 
the culture solution will depend upon the form and quantity of 
the iron salt used, upon the concentration and reaction of the 
solution, and upon the length of time of standing. I'ottingham 
and Rankin (13) have shown that ferric citrate is a better source 
of iron for wheat seedlings than ferric sulphate, ferrous sulphate, 
or ferric phosphate, and possesses a fair degree of solubility over a 
considerable range of Ph value of the nutrient solution. I'he 
variation in efficiency of iron in the different forms supplied is 
correlated with variation either in the solubility of this element 
or in the modification of the Ph value of the nutrient solution. 

It was with a view to determining some of the conditions which 
affect the amount of soluble iron salts in nutrient solutions that the 
following studies were undertaken. The problem is one of consider¬ 
able importance for the intelligent use of nutrient solutions. 

Effect of reaction upon amount of iron in solution 

The solution designated as Hoagland’s nutrient solution has 
been successfully employed in the experimental cultures of citrus 
trees and other plants. It contains 1455.i parts per million of 
salts. Its composition is shown in table I in the column designated 
The reaction of the freshly prei)ared solution was Ph 5.2. 
The other solutions whose compositions are given in table I are 
modifications of Hoagland’s solution. 

Tests were made to determine what changes in the solubility 
of iron salts occur in two types of nutrient solution used in experi¬ 
ments with young citrus trees. A set of ten flasks, each holding 
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one liter of Hoagland’s nutrient solution, was prepared in such a 
way that they contained from 5 to 25 parts per million Fe (table II). 
Five of the flasks were given 300 gm. of pure silica sand and shaken. 
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Another set of ten flasks was ])repared in the same way as the first 
except that the solution was modified by the addition of 1000 parts 
per million of sodium bicarbonate, with calcium omitted entirely 
(table I, column *^30-35”). The modified solution had a of 
7.5. Table II shows tlic rapid reduction in the amount of soluble 
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iron remaining in the solution, even when the initial concentrations 
were quite high. At the end of one day the amounts of dissolved 
iron in the flasks of Hoagland’s solution depended upon the amounts 
originally supplied, the presence of sand having no effect. At the 
end of eight days, however, the flasks containing sand contained 
appreciably less soluble iron than those without sand. The rate 
at which iron disappeared from solution in the flasks containing 
sodium bicarbonate seems to be independent of the presence of 
sand. 

The results presented in table II show how rapidly soluble iron 
salts disappear, even from a solution having an initial Pa of 5.2. 
At the end of one day approximately one-tenth of the iron added 
was still in soluble form. The amount of soluble iron is more 
quickly and completely reduced in solutions of increased alkalinity. 
These results emphasize the necessity for maintaining the supply 
of soluble iron by the renewal of the solutions or by the addition of 
iron salts at frequent intervals. A very small amount is doubtless 
adequate if the supply is maintained. 

This whole problem has received elucidation from the work of 
Patten and Mains (12), who have determined the H-ion concentra¬ 
tion at which iron is precipitated from hydrochloric add solutions 
by various alkalies. They found that if hydroxide is added to a 
dilute solution of ferric chloride, ferric hydroxide is formed if the 
mixture has a Ph value of 3.*5. A faint cloudiness was apparent 
at Ph 3.5, which increased to a fine precipitate at Ph 5.5, becoming 
very heavy at P„ 6.0, Since it appears that iron salts become 
almost entirely insoluble, it becomes of interest to see what hap¬ 
pens when the Ph of the solution is lowered by the introduction 
of CO3. It is known that growing roots evolve measurable quanti¬ 
ties of CO2, and it has been suggested that the CO3 evolved by 
plant roots is an important factor in bringing into solution otherwise 
insoluble iron compounds in these soils. 

The following experiment was designed to throw some light 
upon the efficiency of COa as a solvent for iron in solutions. Hoag- 
land’s solution was supplied with approximately 75 parts per million 
of Fe in the form of ferric tartrate and left over night. On the 
following morning a filtered portion of the solution contained 
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8 parts per million of soluble Fe. A stream of CO2 was then passed 
through the unfiltered solution for several hours. At the end of 
that time the Ph and Fe content of a filtered portion of the solution 
were found to be the same as before the CC>^ w^as introduced. 
It appears that CO2 is not able to change appreciably the reaction 
of a solution which had an original Ph of approximately 5.0, hence 
we should not expect it to increase the solubility of iron by virtue 
of its acid properties. The results were somewhat different when 
solutions of a higher Ph were employed. Culture solutions contain¬ 
ing sodium bicarbonate were studied in a similar manner. Solution 
30-35 (table I) which contiiined no calcium, and solution 36-41 
which contained calcium, had P„ values of 7.5. Each solution 
received approximately 75 parts per million of h'e in the form of 
ferric tartrate and a small amount of solid ferric phosphate. After 
twt) hours there was no soluble Fe remaining in either solution. 
After the addition of another small quantity of ferric tartrate the 
solutions were left standing over night. On the following morning 
no soluble iron was found in filtered portions of either solution. 
A stream of COi was led through each of the turbid solutions for 
several hours. When it w^as discontinued, portions of the solutions 
were filtered and their Ph and Fe contents at once determined. 
The Ph of both solutions had been changed from 7.5 to approximately 
6.0, but there was no trace of soluble iron demonstrable by the 
colorimetric method employed. 

While the introduction of CCb changed the reaction of the solu¬ 
tions, it did not increase the amount of soluble iron. In the separa¬ 
tion of the members of the Fe-Al-Cr group in qualitative analysis, 
many organic substances prevent or interfere with the precipitation 
of iron by ammonium hydroxide. The effect of organic matter 
on the uptake of iron from calcareous soils is explained by Comber 
(i) as being due to the solvent action of many organic compounds 
upon iron salts over a wide range of botli acid and alkaline reactions. 
Gile and Carrero (6) found that ferric citrate furnished sufficient 
iron for the grow^th of rice in either acid or neutral solutions, but 
that ferric tartrate furnished sufficient iron when added to alkaline 
solutions. As a result of their investigations it was found that these 
organic compounds of iron are non-toxic at the concentrations 
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they employed. Table III summarizes the results obtained when 
various organic compounds were added to the nutrient solution. 
The culture solution “36-41'’ (table I) was used and had a Ph of 
approximately 7.5. Abundant ferric tartrate solution was added, 
but soon a copious precipitate settled out, and after standing over 
night, less than 1 part per million of iron still remained in solution. 
The solution was shaken and portions of the turbid solution were 
added to several flasks. Various organic compounds were added 
to the flasks, one flask being retained as a control. The flasks 
were then left standing a few hours. The results, while only 
qualitative, give a good idea of the relative amounts of iron in the 
filtrates after a short time interval. The object of the tests was to 
show the effects of various organic compounds on the solubility 
of iron, irrespective of their effects upon plant growth. Certain 
of the compounds could not be used in nutrient solutions because 
of their toxicity. 

By supplementing the potassium sulpho-cyanide method with 
potassium ferrocyanide tests, it was found that glucose, sucrose, 
glycerine, starch, and sodium acetate each caused slightly increased 
solubility of iron. The filtrate from the nutrient solution which 
contained sodium potassium tartrate gave a deep yellow when the 
potassium thiocyanate method w^as employed in the normal manner. 
When the order of adding the reagents to the glass comparison 
tube was reversed, that is, by gradually adding the test solution to 
the thiocyanate and sulphuric acid, a distinct deep red was developed 
which almost immediately broke down to a deep yellow. When 
this method was employed with the filtrate from the nutrient 
solution treated with potassium oxalate, no red color was observed. 
Possibly here the decomposition of the red solution may have 
proceeded too rapidly to be detected. Upon adding the sodium 
salicylate to the nutrient solution, a clear, deep wine-red color was 
obtained. The conspicuous color of the iron compound thus 
formed has been suggested recently by Comber (2) as a test for 
“acid soils.” 

Table III makes it evident that ammonium salts of organic 
acids, while they increase the solubility of iron compounds, greatly 
decrease the Ph of the solution. It seemed possible that the 
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increased solubility of the iron in such cases was due largely to the 
decrease in P„. Accordingly, sodium or potassium salts of organic 
acids were used, with the result that citrates and tartrates effected 
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marked solubility of iron without altering appreciably the Ph of 
the solution. Sodium acetate failed to cause an appreciable increase 
of dissolved iron with the tests applied, ‘although the organic 
matter was destroyed before making the test. The organic com¬ 
pounds such as starch, sugars, etc., although not increasing very 
markedly the solubility of iron, nevertheless dissolved appreciable 
amounts of it. This is of considerable importance because a very 
low maintained concentration of dissolved iron is adequate for 
plant nutrition. 

Summary 

1. The iron of ferric tartrate soon becomes converted into 
insoluble compounds when added to nutrient solutions, and the 
change is more rapid in solutions of higher Pi,. 

2. The introduction of carbon dioxide lowers the Pu of slightly 
acid, neutral, or alkaline solutions, but does not increase the 
solubility of iron compounds which they contain. 

3. The addition of certain organic compounds to an alkaline 
nutrient solution increases the amount of soluble iron in the solution. 
This fact may be of significance in maintaining an adequate supply 
of soluble iron in solutions for the growth of plants. 

Citrus Experiment Station 
Riverside, Cal, 
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LIFE HISTORY OF ENCEPHALARTOS 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 316 
Padl J. Sedgwick 

(wmi PLATES XXI, xxri AND FOUR FIGURES) 

With the exception of Bowcnia, less is known and has been pub¬ 
lished concerning the life history of Enccphalartos than any other 
member of the Cycadales. In 1910 Saxton (13) published the 
only morphological j)aper dealing solely with this genus, an account 
of the later embryogeny in Encephalarios Friderici Guiliclmi and 
E. villosiis. Chamberlain has made frequent incidental reference 
to Encephalarios in his various papers on other cycads, and Pearson 
(12) has given valuable field descriptions in his Xotes on South 
African cycads, in which he discusses three s])ecies of the genus. 
Before his death, Peapson had in preparation another jiaper under 
the same title which was never completed. His notes for this pajier 
were very kindly furnished me by Miss Stevens of the University 
of Cape Town, and some further reference will be made to them. 
Pearson had also contemjilated an investigation of the life history, 
but this was not completed. C'hamberlain (6) also has studied 
Encephalarios in the field. Miss Smith (14) has estimated the num¬ 
ber of sporangia borne on a microsporophyll of E, villosus as 500; 
and in E. Cajjer as 700. She also gave a tiescription of the mature 
microsporophylls of E. villosus, E, Caffer, and E. Altcnstcinii. 

The puqiose of this investigation was to establish the life history 
of Encephalarios as completely as its inaccessibility and the difficulty 
of securing material would permit. It was especially desired to 
obtain the early proembryo stages, and thus complete, with Sax¬ 
ton's account of the later embryogeny, the embryogeny of Enccpih 
alartos; and to attem})t to use this account in a phylogenetic com¬ 
parison with other cycads. It was also hoped that the male game- 
tophyte might be studied in close enough detail to permit the making 
of a phylogenetic comparison, but this latter hope was not fulfilled, 
owing to a scarcity of available stages. 
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Materials and methods 

The material for this investip;ation was procured from a number 
of sources. Much of it was collected by ( jiambf:klain during 
his visit to South Africa in i()i2. He collected material of 
Encephalarios Altensieinii, E. Fridcrki Cuilichni, and E. villosus. 
Professor Woksdkll suj^plied a young staminate cone of E. hrachy- 
phylhis. Miss Sievens sent a box of Pearson's slides of E, Altai- 
sieinii. Miss Van Rooyen furnished most of the material of E, 
villosus from Kentani, I'ranskei, South Africa. Additional material 
has come from the botanical garden of the Uni\'(Tsity of Chicago, 
from Fainnount Park in Philadelphia, and from the botanical gar¬ 
den at Bonn, (lemiany. All of the material came into my })osses- 
sion through the kindness of Professor ('uambkrlaix. to whom I 
am greatly indebted for many suggestions during the progress of 
the work. 

Sections were made 3 12 pt in thickness with a Spencer rotary, 
microtome, and stained in iron-alum haematoxylin with a light 
background of gold orange. It was found that the archegonium 
and })roembryo could best be handled in sections 8 lo/xin thick¬ 
ness, while pollen grains were b(‘st st'ctioned at 3 m- 

Male gametophyte 

At the time of the shedding of the })ollen, the male gametophyte 
is in the usual three-celled condition. Later stages seem to be rare 
(tig. j). Jn Pearson’s slides of E.. AUaislciuii several Interstages 
were found, but none of them was sufficiently advanced to show 
spenns or si)erm mother cells. In this material the earliest stage 
shows the gametoi)hyte of four cells, the vegetative, stalk, body, 
and tube cells. The haustorial portion of the pollen tube has com¬ 
menced invasion of the niicellus. I'he prothallial, stalk, and body 
cells are in a line just as in Dioon, Zamuu and Ccralozamia, The 
prothallial cell bulges into the stalk cell very slightly, but the pro¬ 
thallial and stalk cells together press very deeply into the body 
cell (fig. 2). 

In later stages the pollen tube is found penetrating the nucellus, 
but in no case w^as it seen to branch. The blepharoplasts have now 
appeared in the body cell, and from the few^ cases observed it is evi- 
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dent that the blepharoplasts appear first in the fore and aft position, 
and later swing through 90°, coming into a position transverse to 



Figs. 1-4.—Fig. i, E. villosus: three-celled gametophyte in pollen grain; X996; 
fig. 2, E. Altenstcinii: gametophyte of four cells, prothallial (^), stalk (.v), body (/>), 
and tube ( 0 ; X270; fig. 3, E. AUensleinii: detail of body cell nucleus and blepharo- 
plast; X996; fig. 4, E. villosus: archegonium with more than two neck cells (very 
common condition in this species), cells evidently arising from continued division of 
two original neck cells; X22$. 


the long axis of the tube. A detail of the nucleus of the body cell 
and one of the blepharoplasts is shown in fig. 3. The second ble- 
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pharoplast is not present in this particular section. The blepharo- 
plasts with their radiations are imbedded or pressed into pockets in 
the nuclear membrane, the appearance almost suggesting that the 
rays had beaten in the membrane. Later stages were not found, 
but the presence and position of the blepharoplasts indicate that 
division of the body cell is close at hand, and that two sperms will 
be formed. 

Female gametophyte 

The megaspore, the first cell of the female gametophyte, has 
been observed in only three of the nine genera of cycads. In 
Stangcria paradoxa, Lang (n), and in Ceraiozamia longifolia, 
TreUB (17), describe an axial row of three ‘‘megaspores/’ of which 
the innermost one is functional. In Zamia Jloridana, Miss Smith 
(15) figures an axial row of four megaspores, the innermost one 
functioning. In the cycads it is exceedingly difficult to obtain 
such early stages, because the young cones are completely concealed 
by the bud scales, and it is impossible to determine from superficial 
examination whether the bud contains a cone, or only a new crown 
of leaves. 

In the {)resent material the earliest stage available shows free 
nuclear division of the gametophyte. 7 'he ovules from which the 
sections were made had been pickled whole, and the gametophytes 
had shrunken away from the periphery' of their cavities. The 
approximate dimensions of the cavity arc 22.5 mm. X12 mm. The 
layer of cytoplasm containing the imbedded nuclei is very thin in 
proportion to the huge ^Tlcuole, being 50/4 thick. The nuclei arc in 
one layer. While the gametophyte is still in an early free nuclear 
condition, organization of the pollen chamber is indicated in the 
nucellus above the gametophyte. The pollen chamber appears 
first as a region in the central portion of the nucellus, well below 
the nucellar beak, where the cells in a vertical line are becoming 
separated from their neighbors through middle lamella resorption 

(fig-14)- 

Early stages of wall fonnation in the gametophyte have not 
been found, the next stage showing the nearly mature gametophyte 
with central cells nearing the time for division. In these archegonia 
the primary neck cell has already divided to form the two neck cells. 
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Occasionally the two neck cells divide, giving rise to several cells, 
as shown in fig. 4. It is possible in numerous instances to observe 
the behavior of the central cell nucleus in preparation for division. 
At the time when radiations in the cytoplasm are lining up and 
attaching themselves to the nuclear membrane, showing clearly 
that division is imminent, the central cell nucleus is very large in 
proportion to the contained chromatin and other material (tig. 7). 
The nucleus seems to have a topography resembling that of a nucleus 
in synapsis, and the contracted appearance, as in synapsis, is due 
largely to a rapid increase in the size of the nuclear cavity, rather 
than to any contraction of the chromatin. Most of the nuclear 
cavity is iilled with a homogeneous plasm and ten or a dozen roughly 
spherical, light staining bodies wuth dark centers. The chromatin 
and another material (for it does not seem probable that the great 
quantity of darkly staining material is all chromatin) are in a close 
spirem. That not all of this material is chromatin is shown by a 
study of the figure for the division of the central cell. Until earlier 
stages were located this topography was puzzling. In the younger 
central cell nucleus there is no such disproportion between the 
volume of the w^hole nucleus and the volume of contained chromatin 
and other undetermined darkly staining material. The volume 
of the nucleus increases by a peculiar engulfing of general cytoplasm, 
the nuclear membrane bulging inward. Later the membrane heals 
o\'er and the engulfed mcnfl)rane must be resorbed, dis.solved, or 
otherwise disappear. Furthermore, it seems that certain food 
bodies which are found to be abundant in the cytoplasm of the cen¬ 
tral cell are taken into the nucleus in the same manner, and these 
are the roughly sj^herical, dark centered bodies previously men¬ 
tioned. The process bears a very close resemblance to the behavior 
of the male and female nuclei of Peperomia in the absori)tion of 
protoplasm, as described by Brown (1). The occasion for this 
great growth of the central cell nucleus is not understood (figs. 5- 7). 

As already mentioned, the central cell nucleus, which so resem¬ 
bles a nucleus in synapsis, has already begun to show radiations in 
the cytoplasm, indicative of its early division. Details of the divi¬ 
sion were not observed, the next stage found showing the egg nucleus 
and ventral canal nucleus at telophase, with membranes forming. 
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Prominent spindle fibers connect the nuclei, and polar radiations 
are very distinct. There is no evidence of even an evanescent 
accumulation of wall material on the spindle fibers. Thus Enceph- 
alartos is similar in this respect to all the cycads so far studied. 
In the division observed, the ventral canal nucleus was considerably 
smaller than the egg nucleus, seeming to indicate that it would very 
shortly degenerate. Either this was not a normal division, or this 
assumption is incorrect, because in most cases the ventral canal 
nucleus was not observed to degenerate promptly, as is usually the 
case in cycads. Instead, the ventral canal nucleus enlarges rapidly 
and seems to go through a maturation phase similar to that of the 
egg (figs. 8, 9). Here again there is some evidence that the ventral 
canal nucleus grows by the amoeba-like intake of food and proto¬ 
plasm described for the central cell nucleus, instead of simply by 
osmotic absorption, as must naturally be assumed in the absence of 
such a condition. In the case of the ventral canal nucleus growth, 
however, available stages are not so good as the stages showing 
the growth of the central cell nucleus. 

Embryogeny 

Fertilization was not obser\"ed, and apparently fertilization by 
a sperm is not necessary in Encephalarlos for the successful develop¬ 
ment of embryos. In greenhouse material and material collected 
in the field it is found that the ventral canal nucleus, instead of 
degenerating, has enlarged and is approaching the egg. The first 
case of fertilization described for gymnosperms by Strasburger 
(16) for Picea, and the second case, described for Pinus by Coulter 
(7), were of this character (figs. 8, 9). Chamberlain (3) has 
reported a similar condition as occurring occasionally in Cerate- 
zamia and Encephalarlos, He concludes that a union of the two 
nuclei is very probable. The present observ^ations support this 
conclusion. While the two nuclei were not actually found in union, 
they were very close together. In his paper on Ceratozamia mexi- 
cana, Chamberlain (3) believes that this situation throws an 
explanatory light on Van Teeghem’s reported hybrids, a cross be¬ 
tween C. longifolia and C, mexicana in 'which three year old pollen 
of C. mexicana was used. It is not believed that cycad pollen will 
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live three years. Chamberlain thinks that either the ventral 
canal nucleus united with the egg nucleus, or that the embryo was 
produced without a union. 

An additional reason for concluding that fertilization by a male 
nucleus may not be necessary is based on Chamberlain’s field 
observations. In collecting Encephalartos Friderici Guilielmi, 
during a whole day’s search, with the aid of four assistants, he pro¬ 
cured only one staminate cone in the neighborhood of plants bearing 
ovulate cones. A further reason for concluding that sperm fertili¬ 
zation is frequently lacking is found in careful study of all the prep¬ 
arations. In not a single free nuclear proembryo has a sperm 
sheath or ciliated band been found. In the studies previously 
made by Lang (ii) and Chamberlain (2) it is reported that the 
sperm sheath and the ciliated band persist in the cytop)lasm of the 
cycad proembryo up to a very late stage of free nuclear division, 
and often even after cell walls have begun to appear. The cyto¬ 
plasmic sheath of the sperm, and especially its ciliated spiral band, 
are so conspicuous that failure to find them in complete serial sec¬ 
tions is practically a proof that they are not present. In view of 
these three considerations, therefore, it is safe to conclude that E, 
villosus and E. Friderici Guilielmi can produce normal embryos 
in the absence of pollination and fertilization by a sperm. This 
does not mean that sperm fertilization never takes place, but simply 
that the preparations exafnined do not show any indication of 
sperm fertilization, and they do show proembryos and embryos 
which seem to be normal. Pearson (12 and unpublished notes) 
thought it probable that E, villosus is insect pollinated, since the 
coming specimens were frequently so situated that it is unreason¬ 
able to suppose that wind could carry the pollen and deposit it 
in sufficient quantity to account for the numerous embryos. Fur¬ 
thermore, he found certain species of the weevil, Phaeophagus, 
constantly associated with the cones, and the bodies of the weevils 
are frequently smeared with pollen. There is also similar evidence 
for belief that J£. Friderici Guilielmi and £. Altensteinii may be 
insect pollinated. Observations showing that fertilization is not 
necessary would permit that coming specimens be isolated, and thus 
make it unnecessary to search for insect pollination. It is very 
possible, however, that when normal pollination and fertilization 
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occur, the pollen may be carried as suggested by Pearson. Cham¬ 
berlain, however, believes that there is no insect pollination in any 
of the cycads. 

The earliest free nuclear divisions of the proembryo were not 
observed. The latest free nuclear stage found seemed to have a 
fairly close approximation to the 1024 nuclei which would result 
from the tenth simultaneous division (hg. 11). Neither in tlus stage 
nor in any of the preceding stages was an evanescent segmentation, 
such as Chamberlain (2, 5) describes for Stangeria and Dioon eduky 
observed. Since the division figures were not found, it is impossible 
to say whether such an evanescent segmentation occurred. It is 
possible to conclude that since there is no segmentation with the 
nuclei of the tenth di\ision in the resting condition, either another 
division will tiike place or cell walls are not formed in the usual 
manner. 

When next observed, the proembryo is made up of cellular tissue, 
with definite permanent cellulose walls. The suspensor has started 
to elongate and difierentiation of the embryo has begun. There is 
some indication of the breaking down of the cellular tissues at the 
center of the proembryo (figs. 12, 13). The next stages show the 
elongating suspensor, twisted in the embryo cavity and now backing 
up into the empty archegonium. The development of the embryo 
proper has been described by Saxton (13), and will not be taken up 
here, except to remark that the cotyledons and stem tip can be dis¬ 
tinguished in the present material considerably earlier than in any 
figured by Saxton. His earliest stage shows the proembryonal 
tissue completely broken down, while this material shows a differ¬ 
entiation of cotyledons and stem tip before the proembryonal tissue 
has completely disorganized. 

It is interesting and suggestive to compare the embryogeny of 
Encephalarlos with the embryogeny of other cycads. Cycas, Zamia, 
Ceratozamidy Dioon, Siangeria, and Macrozamia have been investi¬ 
gated, Zamia and Stangeria receiving the more thorough attention. 
In Macrozamia Moorei and E, Friderici Guilielmi segmentation is 
complete and permanent, cellulose walls being formed throughout 
the proembryo. Later a cavity forms by the breaking down of the 
cellular tissue. Coulter and Chamberlain (9) believe, from exam¬ 
ination of the figures on Cycas by Ikeno (10) and Treub, and from 
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slides made from material furnished by Ikeno, that segmentation 
is also complete in Cycas. If this is correct, it follows that the fig¬ 
ures given by Ikeno and Treub are of rather an advanced stage in 
the breaking down of the cellular tissue. In Dioon edule and Stan- 
geria par adorn, evanescent walls appear throughout the entire pro¬ 
embryo, but permanent w'^alls are formed only at the base. In 
Zamia floridana, Coulter and Chamberlain (8) found that seg¬ 
mentation takes place only at the base. Bowenia and Microcycas 
have not been investigated. The question naturally arises as to 
whether the development of the proembryo shows any evolutionary 
significance. It is generally agreed that Cycas is the most primitive 
living cycad, this conclusion being based largely on the leafy char¬ 
acter of the ovulate sporophyll, and the absence of a definitely 
organized ovulate strobilus. Macrozamia Moorei is also accorded a 
primitive position, on the basis of an entirely different character, 
namely, the possession of numerous lateral cones, and, as.sociated 
with this condition, the absence of cone domes. Furthermore, the 
leaf trace is direct. Encephalartos, like Macrozamia, possesses 
numerous lateral cones, but by no means so great a number. 
Thus there is evidence for primitiveness in Encephalartos just as in 
Macrozamia, On the other hand, it has long been agreed that 
Zamia is the most advanced of the cycads. Its compact cones, the 
practically entire loss of leaflike character of sporophylls, the reduced 
number of microsporangia, the girdle of leaf traces, and the posses¬ 
sion of cone domes, all testify to the advanced position of Zamia. 
So the evolutionary series, based on external characters and gross 
morphology, runs from Cycas through Macrozamia, Emephalartos, 
Stangeria, and Dioon to Zamia, and a study of the embryogeny 
provides a distinct confirmation. In the primitive genera the 
proembryo becomes completely cellular {Encephalartos, Macrozamia, 
and Cycas) \ the next stage in evolution is where segmentation is 
evanescent except at the base from which suspensor and embryo 
are organized {Dioon, Siangeria); while in the final stage, as shown 
by Zamia, segmentation never takes place except at the base. It 
will be interesting to learn the embryogeny of Microcycas and 
Bowenia. If this theory of the evolution of the embryogeny is cor¬ 
rect, we should expect Bowenia to show complete segmentation 
with walls, perhaps permanent, but more probably evanescent. 
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Microcycas presents such a mixture of advanced and primitive char¬ 
acters that it would be entirely unsafe to guess at its embryogeny. 
Cycad embryogeny from an evolutionary standpoint has been 
discussed by Chamberlain (6). 

Summary 

1. An extensive free nuclear period follows the germination of 
the megaspore. 

2. The pollen chamber begins to form within the nucellus while 
the gametophyte is still in an early free nuclear stage. It appears 
first in the central portion of the nucellus below the nucellar beak. 

3. The male gametophyte has prothallial, stalk, body, and tube 
cells. The body cell was observed with two prominent blepharo- 
plasts. The pollen tube is unbranched. 

4. The central cell nucleus enlarges greatly before its division to 
form the ventral canal and egg nuclei. Increase in the volume of the 
nucleus takes place by the bodily inclusion of masses of cytoplasm.* 

5. The ventral canal nucleus frequently does not promptly 
degenerate, but enlarges, goes through a period of maturation very 
similar to that of the egg, and passers toward the egg, suggesting a 
probability of fusion of egg and ventral canal nuclei. 

6. No proembryos were found containing sperm remnants, 
indicating that fertilization by a sperm is not necessary for the pro¬ 
duction of the proembryo. 

7. The 1024-nucleate stage of the proembryo shows neither walls 
nor evanescent segmentation. Evanescent segmentation may have 
occurred following this tenth division, but its disappearance or its 
failure to api)ear, whichever is true, indicates that another division 
is to take place. 

8. The proembryo becomes completely cellular. Later a vacuole 
forms by the breaking down of the central portion of the proem- 
bryonal tissue; eventually this tissue is completely resorbed. 

Syracuse University 
Syracuse, N.Y. 
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EXPLANATION OF PLATES XXI, XXII 

t 

Fig. 5.— Encephalarios villosus: central cell nucleus taking in cytoplasm; 
pore not yet closed over; X251. 

Fig. 6.— E. villosus: central cell nucleus taking in cytoplasm; X251. 

Fig. 7.— E. villosus: central cell nucleus shortly before division; X324, 
Fig. 8.— E. villosus: ventral canal nucleus enlarging and moving toward 
egg nucleus; X32. 

Fig. 9.—E. villosus: ventral canal nucleus moving toward egg nucleus; X32. 
Fig. 10.— E. villosus: an unusual archegonium with very long neck region; 
X80. 

Fig. II.— E. Friderici GuUidmi: free nuclear proembryo (approximately 
1024 nuclei at this stage); X 26. 

Fig. 12.— E. Friderici GuUielmi: ceUular proembryo; vacuole forming at 
center through breaking down of cells; X69. 

Fig. 13.— E. Friderici GuUielmi: suspensor and embryonal region; from 
same section as fig. 12; X69. 

Fig. 14.— E. hrachyphyllus: origin of pollen chamber through disorganiza¬ 
tion of cells in central portion of nucellus; at this time gametophyte is in 
early free nuclear condition; Xso. 











ASSIMILATION-RESPIRATION BALANCE AS RELATED 
TO LENGTH OF DAY REACTIONS OF SOY BEANS 

Frank M. Eaton 
(with four figures) 

Considerable interest has recently been directed toward the 
seasonal behavior of plants by the w^ork of Garner and All.4rd.* 
These investigators have laid particular stress upon the relative 
length of day and night as the factor which directs plant growth 
to the vegetative and reproductive stages. Later Harv’ey" has 
shown that a wide range of plants may be brought to sexual maturity 
under conditions of uniform temperature and continuous artificial 
light. Hopkins,^ in his statement of the bioclimatic law, would 
include besides length of day (latitude) all of those climatic factors 
which are influenced by longitude and altitude. It is doubtless 
true in nature that the sea.sonal changes in the dcveloj.)ment of 
vegetative and reprcxluctive characters correspond most closely 
to changes in the relative length of day and night. One of the 
chief functions of a plant peculiar to the hours of daylight is the 
assimilation of carl)on dioxide. In the absence of light this process 
is found measurably reversed through respiration. 

The somewhat preliminary^ experiments to be described here 
were planned with a \dew toward finding whether the diiily balance 
between these two plant processes, assimilation and respiration, 
might not stand as a controlling influence which could direct plant 
growth either to a vegetative or reproductive form. If this were 
the case, then it would be exjiected that lower daily temperatures, 
increased nightly temperatures, or a reduction in the number of 
hours of the day during which carbon dioxide was available for 
assimilation would bring about changes in the behavior of plants 
similar to those which follow a decrease in the length of day. 

* Garner, W. W\, and Allard, H. A., Jour. Agric. Res. 18:553-606. 1920. 

» Harvey, R. B., Growth of plants in artificial light. Hot. Gaz. 74:447-451. 

1032 . 

^ Hopkins, A. D., Periodic events and natural law as guides to agriculture 
research and practice. Monthly Weather Review Suppl. no. 9. 1918. 
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Nightly temperatures can be controlled experimentally with 
comparative ease and with little disturbance of the other external 
factors upon which plant growth is dependent. This method 
was used first and most extensively. Later, as a check upon the 
results so obtained, a few plants of Peking soy beans were deprived 
of carbon dioxide for a number of the hours of the day. Soy beans 
were used as a principal test plant because Garner and Allard 
had already so thoroughly demonstrated their length of day 
responses. 

Effect of different nightly temperatures upon time of 
flowering of Peking soy beans 

Three sets of twelve plants of Peking soy beans were given a 
thirteen-hour day out of doors. During the nights one set of these 
was placed in a chamber with a temperature of about 50® F., the 
second set in a control chamber at about 65®, and the third was 
given a nightly temperature of 90®. 

TABLE I 


Peking soy beans planted June 20 (sprouted seed): 
UP June 24; treatment started June 20, 1922 



Cold 

Check 1 

Hot 

Days from emergence to flowering. 

mm 

250 

2T .0 

Unfolded leaves, 21st day (July 15).... 


6, 2 

73 

Height (cm.).. 


8.6 

8.6 

Leaves, 45th day (August 8). 


Q.O 

9.0 

Height (cm.) 45th day (August 8). 

320 

250 

28.0 

Height (cm.) at maturity. 

60 0 

25.0 

28.0 

Total dry weight, plant and beans. 

292.4 

8i.8 

122. 2 


The differences in the time of flowering of these sets of plants 
were almost as great as the difference effected by Garner and 
Allard by exposing plants to varied lengths of day. The set 
given the cold nights flowered on the forty-fifth day after germina¬ 
tion, those in the check chamber on the twenty-fifth day, and those 
in the hot night chamber on the twenty-first day (fig. i). Untreated 
plants grown in the field under a full day flowered three days 
earlier than did the plants given the cold nights, the latter receiving 
only the thirteen-hour day. The behavior of these plants is shown 
more completely in table I. 
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The soy beans used in this experiment were grown in wooden 
boxes four feet long and one foot square. They were placed on 
trucks and pushed into the respective temperature control chambers 
at 7 P.M. and removed each morning at 6 a.m. The temperature 
of the cold night chamber was reduced by circulating the air of 
the chamber through an ice chest filled with cracked ice. The 
temperature of the check chamber was uncontrolled. Electric 
heating elements with thermostatic control and a circulating fan 
were used for heating the hot chamber. 



Fig. I. —Peking soy beans, showing effect of hot and cold nights upon growth 


Measurements of assimilation and respiration. —^As the 
foregoing results were quite outstanding, it seemed desirable that 
a quantitative estimate of the respiratory rates of the plants in 
the various chambers and the ratio of assimilation to respiration be 
secured. While time and equipment were not available for the 
development of elaborate technique, data of some interest were 
secured. 

For the measurement of both assimilation and respiration, 
rooted plants were transplanted to trays four inches deep and one 
foot square. Over the top of these trays a heavy plate glass with 
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a ground surface was placed. In the center of each plate there was 
a one-inch hole through which the stalk of the plant extended. 
The space between the plant stalk and the edge of the opening was 
filled with wax, forming an air-tight seal between the soil below and 
the air above. While measurements were being made the plants 
were covered with bell jars which were sealed to the ground glass 
plate. In measuring respiration the plants were placed in the 
respective temperature chambers at 7 p.m. and removed the 
following morning at 6 a.m. From each of the bell jars there 
were two tubular openings connected with the outside of the 
chambers by rubber tubing. Before removing the plants at 6 a.m., 
the air in the bell jars, which then contained the additional COj 
of respiration, was drawn off for a minimum period of one hour 
and passed through barium hydroxide bead towers, the barium 
hydroxide later being titrated with tenth normal hydrochloric 
acid. By estimate five volumes of air were removed from the bell 
jars for each determination. The air as removed was replaced with 
carbon dioxide free air. Assuming that each volume of air removed 
halved the CO2 content of the bell jar, then one thirty-second of the 
CO2 would still have remained, plus a portion of the carbon dioxide 
respired by the plant during the last hour. This error is not 
accounted for in the results, but the original CO2 content of the 
normal air in the bell jar when the plant was covered has been 
subtracted. 

The assimilation measurements were made out of doors with 
plants which had been used for respiration measurements. A 
stream of air, as nearly constant in its rate of flow as possible, was 
provided by means of a valve opening into a large vacuum tank 
connected to a motor-driven exhaust pump of sufficient size to 
maintain the partial pressure of 12 cm. mercury in the tank. For 
a fifty-minute period the air entering the valve was drawn from the 
bell jar containing the plant and passed through a barium hydroxide 
bead tower. I'or the succeeding ten-minute period normal air 
was drawn through a second bead tower. This alternating process 
was continued for a thirteen-hour day. The barium hydroxide 
of the respective bead towers was titrated and renewed at the end 
of each period. The CO2 content of the normal air passing through 
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the bead tower for the ten-minute period was determined and 
multiplied by five. This value was taken as the equivalent of the 
CO3 supplied to the plant during its fifty-minute period. The 
amount of COa leaving the bell jar, subtracted from the amount 
which entered, gave the difference representing the CO2 assimilated 
by the plant for one hour. 

TABLE II 


Assimilation and respiration measurements, 
1 ‘eking soy beans 



55 3 
82.8 

«5i 

« 4.3 


Dry weight 
(gm.) 

Lwif area 
(stp cm.) 

Respiration; 
gm. of CO.1 
per 100 gm. 
(ii hours) 

A ssimilation: 
gm. of CO* 
per sq. m. of 
leaf area 
(1,5 hours) 



0.407 

0.462 

0.541 

0. 890 
0.850 

1 . II 2 

1.28 

1.28 

2.48 

2 . T 7 

2. 19 













10 5 





0. 78 

0.73 

0 315 

0. 165 









18.42 

29.32 

0 175 

317 

28.32 

27.89 




* Plants A and B were cut and dried six days after the last respiration measurements were made, 
t Assimilation measurements for plants F and G were made on the same tlay. Their dry weights were 
nearly the same, they had the same number of leaves, but on measurement it was found that the leaf area 
of the one was much greater than the other. 


To control the temperature inside the bell jars during the middle 
hours of the day it was found necessary to erect a cheesecloth 
shade above the plants. The temperature as read from a thermom¬ 
eter with a protected bulb was not allowed to go above 90°. 

The results given in table II indicate that respiration proceeded 
almost twice as rapidly in the hot night chamber as it did in the cold 
night chamber, and that a ratio of about fifteen to one existed 
between assimilation and respiration. Assimilation measurements 
were made on some of the larger plants, but due to their size, the 
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air passing through the bell jar was so depleted of carbon dioxide 
(to the extent of 50 per cent) that the results obtained were probably 
too low. In the cases given the CO2 content of the air leaving the 
bell jar was 70-80 per cent of normal during the middle hours of 
the day. From the last two plants, F and G, it appears that assimi¬ 
lation was little affected by the temperature of the previous night, 
although the respiration of the hot night plant was almost double 
that of the plant in the cold chamber. 

Physiological night. —In this experiment a second method of 
disturbing the assimilation respiration balance was tried. The 
plants were deprived of carbon dioxide for a number of hours each 
day. It was not possible to conduct this experiment until late in 
the season, by which time outside temperatures were too low for 
soy beans and the length of day too short for normal vegetative 
development. For these reasons the plants were grown in the 
greenhouse and electric lights used to supplement the normal 
length of day. 

Four groups of Peking soy beans were planted in a tray October 4. 
They germinated October 13, and after the second day were given 
thirteen and one-half hours of light by supplementing sunlight 
in the late afternoon and evening with a 300 watt incandescent 
lamp, with a shade, suspended two and a half feet above the plants at 
germination. On and after the ninth day from germination, one 
group of these plants was given a seven-hour day by covering them 
with a light-proof earthenware jar between the hours of 3 p.m. and 
8 A.M. A second group was inclosed in a glass bell jar above the 
plate already described, and supplied only with air from which the 
carbon dioxide had been removed. This treatment was continued 
during the same hours for which the first group of plants was 
covered with the light-proof jar. The bell jar was removed during 
the day. A third group was untreated, and a fourth group covered 
with a bell jar held above the soil, leaving a space of several inches 
at the bottom to admit air freely, but at the same time to simulate 
to some extent the temperature and light conditions which the plants 
under the other bell jar were receiving. The plants given the short 
days produced flowers on November 28. None of the plants in 
the other groups had flowered by December 24, at which time the 
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treatment was discontinued. The growths of the plants given the 
long dark night and of those given the ‘^physiological night” 
were very similar, the plants attaining average heights of 10 and 
13 cm. respectively. The other plants made a much greater 
growth than did the first two groups, the heights being 33 and 37 
cm., the group partially inclosed within the second bell jar being 
again the taller. 

If the premise of this second exj^eriment is correct, it is possible, 
and perhaps probable, that the results obtained in the first exj)eri- 
ment were purely the effects of nightly temperatures. If so, 
nightly temperature in its action upon plants does not produce the 
same response with all species, even though these species may 
react alike to shortened days. For this reason there are appended 
the following notes on the behavior of other plants, which were also 
given the higher and lower nightly temperatures. While the 
preceding has to do with nightly temperatures, there may be no 
special reason for believing that increased or decreased temperatures 
at another time than during the m’ght might not also bring about 
differences in the growth and development of plants. 

Effect of high and low nightly temperatures upon other plants 

Cotton (Durango).—Under the cold night treatment the plants 
developed only a few tiny aborted leaves above the cotyledons, and 
then died. The cotton in the hot chamber flowered on August 7 
(planted June 13). The plants bore hea\dly, and the growth was 
of a fruiting type. The check night plants made about the same 
growth, but it was of a more vegetative type; only a few bolls 
were set, these coming from flowers which opened in September, 
four days after the treatment had been stopped (fig. 2). 

Cosmos (Lady Lenox and Klondike).—^'fhese plants flowered 
when given the thirteen-hour days in both the check and hot 
chambers. The plants in the check chamber were somewhat 
earlier than were those given the hot night, and the growth was 
more normal, and more dr>" matter was produced. Klondike 
cosmos in the cold night chamber made only a very feeble growth, 
and did not show signs of flowering until after the treatment was 
stopped. These varieties of cosmos are short day plants (fig. 3). 
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Phlox (perennial).—Well started roots, treated after May 9, 
flowered in the hot chamber July 7, in the cold chamber July 28, 
and in the check chamber August 7. There was only one plant 
of each. 

Aster (Crego).—Young plants were transplanted and treated 
after May 9. The plant in the hot chamber flowered August to, 
in the check chamber August 29, and in the cold chamber Septem¬ 
ber I. Plants in the field flowered August 13. 

Red clover. —These were planted in the early spring and 
treated after May 9. They did not flower in either the cold or 
check chamber. Two plants out of eight grown in the hot night 
chamber flowered July 22. Field-grown plants flowered July 22. 

Lemon trees (Lisbon variety, on Sour Orange stock).—These 
young shoots from fall buds made in the cold chamber 37 cm. 
growth, check chamber 69 cm., hot chamber 46 cm., in the field 
with a normal day 76 cm., and with a lo-hour day 39 cm. 

Potatoes (McCormick).—These were not started under the 
treatments until they were almost ready to flower. The plants in 
the hot chamber were less coarse, more upright, and made a greater 
top growth than did the plants in the cold or check chambers. 
These latter jdants matured earlier than did the hot night plants. 
In yield there was very little difference, but when harvested the 
tops of the hot night plants had not started to die. 

Zea Mays (Navajo).—Fig. 4 shows the hourly elongation of 
maize under different nightly temperatures. These elongation 
curves have no direct bearing upon the assimilation-respiration 
balance theme, but they are of some interest from the standpoint of 
the effect of nightly temperatures. The plants from which these 
elongation measurements were made were grown in the greenhouse 
in the fall of the year. The ^‘hot and “cold” nightly temperatures 
were about the same as for the summer experiments, but the temper¬ 
ature of the uncontrolled check was considerably lower. 

Summary 

I. The time of flowering of Peking soy beans given high, low, 
and uncontrolled nightly temperatures was affected to an extent 
comparable with the differences brought about by varying the 
length of day. 
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Fig. 4.—Elongation of maize given hot, cold, and uncontrolled temperatures 
during night; elongation in mm. per hour shows close relationship to nightly tempera¬ 
ture. 



TABLE m 


Maize 



Cold 

Check 

1 

Hot 

Field 


Navajo, planted ^ril 2; 

May 9 ~ 

>, up May 3: treatment 

July 20 

Days “up” to pollen. 

Days pollen to silk. 

Total number of leaves. 

Length of longest leaf. 

Width of longest leaf. 

64.4=^0.45 

I.bsiso. 56 
i4.o=*o.o 
73.0=^1.09 
6.4 =*=o. 21 

54.6*0.31 
0.0*0.36 
12. 2*0. 12 
72.8*0.99 
7. 2*0. 13 

55.4*0.41 
7.0*0.56 
15.4*0. 24 
76. 2*0. 72 
7.1*0.15 



Northwestern Dent, planted July 10, up July 17 
started July 20 

treatment 

Days “up” to pollen. 

Total number of leaves. 

45.8=^0.36 

12.8*0.18 

38.6*0.49 

12.4*0.31 

39.0*0.47 
16. 2*0.40 

40.3*0.46 
14.3*0.16 
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2, It was found by measurements that respiration proceeded 
almost twice as rapidly under hot night conditions as under cold 
night conditions. 

3. Depriving soy beans of carbon dioxide for a number of the 
hours of the day did not affect the time of flowering. 

4, Not all short day plants gave the same reactions to varied 
nightly temperatures. 

5. The elongation of maize during the night was found to be 
nearly proportional to the temperature. 

The writer wishes to express his thanks to Mr. G. N. Collins, 
for his helpful suggestions during the course of these experiments, 
and to Dr. R. B. Harvey, for his suggestions on the preparation of 
the data for publication. 

University Farm 

St. Paul, Minn. 



EFFECT OF ETHYLENE UPON RESPIRATION 
OF LEMONS^ 

F. E. Denny 
(with two figures) 

When lemons are received at the packing house, some of them, 
particularly in certain seasons, are .green in color. Such fruit is 
regarded as commercially mature, and, in fact, represents a high 
market grade when the yellow color has been brought out by 
subsequent treatment. If these green lemons are sorted out, placed 
in boxes, and stored under suitable conditions, such as are obtained 
in basement storerooms, a yellow color develops in from one to two 
months. Practical experience has shown that the desired color 
can be obtained in from one to two weeks by placing the fruit in 
rooms heated with kerosene stoves. The experiments of Sip:vers 
and True (6) showed conclusively that the coloration of the fruit 
in this forced curing method was brought about, not primarily 
by the conditions of temperature and humidity existing in the room, 
but by the gaseous combustion products generated by the kerosene 
stoves. As a result of this discovery, the common method employed 
at present consists in placing the kerosene burners in a separate 
building, called the generator room, and conveying the gaseous 
products to the various sweat rooms by conduits and electric fans. 

Experiments were started by the Laboratory of Fruit and Vege¬ 
table Chemistry, Bureau of Chemistry, United States Department 
of Agriculture, to determine, if possible, the gaseous constituent of 
the sweat room atmosphere that was responsible for coloration 
of the fruit. Details regarding these experiments will not be 
described in this paper, but are to be published in a succeeding 
article. It is sufficient to state that ethylene was very effective 
in bringing about the desired result, concentrations as low as one 
part (by volume) of ethylene in one million parts of air being suffi¬ 
cient to cause green lemons to turn yellow in about six to ten days. 

* Published by permission of the Secretary of Agriculture. 
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The experiments also showed that high concentrations of ethylene 
(80 per cent), high temperatures (g2^ F.), low temperatures (45*^ F.), 
and lack of oxygen either entirely prevented or greatly delayed 
coloring. Conditions suitable for the life processes of the fruit 
were favorable for coloring. Furthermore, coloring with either 
ethylene or gas from the kerosene stoves caused the loss of the 
‘^buttons” (calyx, receptacle, and a portion of the peduncle). 
A microscopical examination of the cells at the absciss layer showed 
that they had become enlarged and gelatinous. Apparently 
secondary growth had started in this area at least, producing a 
condition in lemons analogous to the extrusion of tissue on stems 
of various plants mentioned by Miss Doubt (i). 

These facts indicated that ethylene in some manner stimulated 
the growth, or the life processes of the cells of the fruit. If this 
were the case, the respiration of the fruit should be increased. The 
results of the measurements of the carbon dioxide output of ethylene 
treated lemons as compared with those receiving no ethylene arc 
here recorded. 

Methods 

Fresh green lemons from a commercial packing house were 
selected for soundness and uniformity. They were sorted into lots 
of six or seven lemons and placed in glass desiccators (6-7 inches in 
diameter) provided with inlet and outlet tubes, arranged to draw a 
current of air through the system. Rubber stoppers were firmly 
tied and all rubber connections were covered with paraffin. The 
desiccators containing the fruit were kept in an incubator at 25° C. 
continuously, except for the periods during which air was being 
aspirated through them for the absorption of the carbon dioxide. 
At such times it was necessary to expose them to the laboratory 
temperature, which varied on different days from 18° C. to 22^^ C. 

Once each day the fruit was thoroughly aerated, in one experi¬ 
ment by removing the desiccator covers for one-half hour and expos¬ 
ing the fruit to the outdoor air, and in another experiment by remov¬ 
ing the fruit from the container, filling the container with water, 
emptying it, and replacing the fruit. Starting from the time of 
complete aeration, the carbon dioxide was allowed to accumulate, 
in the first experiment for 2.5 hours, and in the other for 1.5 hours. 
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The carbon dioxide was absorbed by a solution of barium hydroxide 
placed in Pettenkofer tubes, as recommended by Grafe (2). 
Bubbles were aspirated through at the rate of about 2 liters per 
hour, in the first experiment for 2.5 hours, and in the other for 
1.5 hours. The reduced pressure was regulated to about 1.3 cm. 
of mercury below atmospheric by a Palladin pressure regulator 
(Grafe 2). Carbon dioxide was removed from the incoming air 
by soda lime tubes, and the outgoing air was tested for complete 
absorption by a bubbler of barium hydroxide. 

At the end of the absorption period, the barium solution was 
washed into volumetric flasks with carbon dioxide-free water, made 
up to volume, and after the carbonate had settled to the bottom an 
aliquot of the supernatant solution was removed. The residual 
barium hydroxide was titrated with sulphuric acid standardized 
to a strength such that i cc. was equivalent to i mg. of carbon 
dioxide (Olsen 5), using phenolphthalein as indicator. Each day 
a blank experiment with a desiccator containing no fruit, but to 
which was added one part ethylene to one thousand parts of air, 
was run. Titration values obtained with fruit were deducted from 
the titration values of this blank. Results were calculated to 
milligrams of carbon dioxide per kilogram of fruit-per-hour basis. 
Time was counted from the sealing of the desiccator to the end of the 
absorption period. 

Effect of ethylene upon respiration 

Lemons were divided into four lots. In two of the desiccators 
ethylene was added from a gas burette in quantities sufficient to 
make the concentration of ethylene within the desiccator approxi¬ 
mately one part in one thousand, account being taken of the volume 
occupied by the fruit. The subsequent treatment of the different 
lots is shown in table I, the data of which are shown graphically in 
fig. I. 

At the end of the first day, the respiration of the ethylene 
treated lots was decidedly increased, although both lots did not 
respond equally well to the treatment. Lot 849 was given ethylene 
at a concentration of i part in 1000 at the end of the second day, 
and two days later the respiration had increased about 175 per cent. 
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After the respiration of lot 821 had been increased by the use of 
ethylene, a discontinuance of the ethylene applications led to a 
decrease. The rate of decrease after discontinuing ethylene was 
not so rapid as the rate of increase brought about by the original 

TABLE I 

Effect of ethylene (1:1000) upon respiration of lemons 




Carbon dioxide (mg.) respired f 

Lot no.* 

Treatment i 

Start 

First 

day 

Second 

day 

Fourth 

day 

Sixth 

day 

Ninth 

day 

821. 

Ethylene a<l<led at start, dis¬ 
continuing at end of second 
day 

8.0 

2 X.S 

29.7 


20-5 





832. 

Ethylene added at start, con¬ 
tinued throughout 

8.2 

IS .9 

21.2 

31.6 

3t.o 

30.0 



849. 

Ethylene added end of second 
day 

6.8 

8.2 

9-7 

26.7 

29-7 






841. 

Check; no ethylene 

7.7 

12.0 

8.7 

0.0 

8.0 

12.9 




* These numbers also represent the weight in grams of the samjjle used, 
t Milligrams i)er hour p<,T kilogram of fruit. 



application. The percentage increase due to ethylene cannot 
be calculated accurately from the data given, but it is apparent 
that the increase due to ethylene is of the order of 2co per cent. 
Lot 849 showed an increase of about 260 per cent. 

The lot treated with ethylene throughout the experiment 
(no. 832) began to show yellowing about the third day. At this 
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time also the ‘^buttons,” because of growth of the cells below, were 
raised slightly and could be pushed off by pressure with the thumb. 
Full yellow color had developed by about the seventh day. The 
untreated fruit remained green and the buttons were firmly attached. 
These results are in accordance with numerous previous experiments 
on the effect of ethylene on the coloration of green lemons. 

Effect of different concentrations of ethylene 

In this experiment concentrations of one part in one thousand, 
one part in ten thousand, one part in one hundred thousand, and 
one part in one million were used. To obtain such concentrations, 
a Florence flask with a capacity of 1.5 liters containing outdoor air 
was provided with a rubber stopper and glass tube inlet. A few 
cubic centimeters of mercury was added to form a seal when the 
bottle was inverted. Into this bottle enough ethylene was pushed 
over from a gas burette to make a concentration of 10 per cent 
ethylene. From this as a starling point, concentrations of i, o.i, 
and o.oi per cent ethylene were made by dilution, using similar 
flasks as containers. Ethylene from such flasks was added to the 
desiccators conbiining the fruit .to make the desired concentrations 
in the atmosphere surrounding the fruit. The data are tabulated 
in table II and are shown graphically in fig. 2. 

The fruit used in this experiment had a higher respiration rate 
and showed greater variability than that used for the first experi¬ 
ment. In the case of each concentration tried, however, application 
of ethylene resulted in an increase in respiration (fig. 2). The 
increases ranged from about 100 to about 240 per cent. Many 
more data are needed to permit an accurate statement of the per¬ 
centage increase. There are indications that some samples of 
fruit are more sensitive than others to ethylene and give greater 
responses. While with the lot of fruit used in this experiment 
considerable variations on different days were found with untreated 
fruit, the coincidence in point of time between the application of 
ethylene and the rise in respiration is proof that the rise is due to 
the ethylene. 

While all the concentrations used caused an increase in respira¬ 
tion, 1:1,000,000 was less effective than stronger concentrations, 
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TABLE II 

Effect of different concentrations of ethylene upon 

RESPIRATION OF LEMONS 




Carbon nioxinE (mc.) RESPiREut 

Lot no.* 

Treatment 

First 

day 

Second 

day 

Third 

day 

Fourth 

tlay 

Sixth 

day 

Eighth 

day 



1.^.8 



26.1 

3 J -7 

41.0 


of third day, continued 
throughout 




Ethylene i: 1,000,000 added end 
of fourth day, continued 
throughout 

is-o 


16. Q 

13-1 

25 .0 

31.6 



72 g.. 

Ethylene 1:100,000 added end 
of third day, discontinued 
end of sixth day 

20.1 


16.5 

17.4 

42.8 

28.0 



716. 

Ethylene i;io,ooo added end 
of sixth day 

20.1 


20.5 

II.4 

17.2 

S 4-0 



763. 

Check; no ethylene 


IS .4 

17.4 

12.7 

17.0 

18.6 


i 



* These numbers also represent the weight in grams of the sample used, 
t Milligrams iier hour iwr kilogram of fruit. 
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indicating that the limit of dilution was being approached. There 
are also indications (fig. 2) that 1:1000 was too strong for best 
results, and that concentrations of i: 10,000 and i: 100,000 had a 
greater stimulating action. A larger number of experiments would 
be necessary to decide this point conclusively, however. 

Discussion 

No previous work appears to have been done on the effect of 
ethylene on the respiration of lemons; in fact, only one reference 
relating to the effect of ethylene upon the respiration of any plant 
was found. Harvey (3), working with sweet pea seedlings at 
ethylene concentrations of 0.0002 per cent (by volume), found a 
depression in carbon dioxide output in every case but one. An 
essential difference in these two experiments should be noted. 
The sweet pea seedlings were undoubtedly in a state of active 
growth, while the lemons had practically completed their growth 
and were in a relatively dormant condition; hence the factor of 
toxicity should operate more strongly upon the sweet pea seedlings 
than upon the lemons. Thus a difference in the behavior of the 
two might be expected. 

The exceptional case found by Harvey is interesting in this 
connection. With the shortest period of exposure to ethylene, the 
3-hour period, he found that the ethylene treated lot showed an 
increased respiration ovey the check lot. A stimulative action 
producing an increase in carbon dioxide production shortly after 
the application of the gas, before the anaesthetic effects could become 
apparent, would be in agreement with the results obtained by Irving 
(4). Investigating the effect of chloroform vapor upon the respira¬ 
tion of barley and cherry laurel leaves, Irving found that the 
response depended upon the concentration used. Low concentra¬ 
tions gave increases that were maintained during the entire experi¬ 
mental period. High concentrations depressed the respiration in 
every case. Medium concentrations caused an ‘‘initial outburst 
of carbon dioxide, an expression that was justified by the data. 
Thus in one case he found that the respiration was increased 
200 per cent (trebling the rate) after one hour’s exposure. The 
percentage increase in this case is of the same order as that found in 
the experiments with lemons here reported. 
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Irving’s data show that the high initial rates with these medium 
concentrations were not maintained, but were later followed by a 
decrease. With lemons, however, the rate produced with the 
strongest concentration (1:1000) was maintained fairly well for 
five days, with only a slight decrease (lot 832, fig. i); hence there 
is evidence of only low toxicity, if the toxicity may be judged by 
fall in rate of respiration. The concentrations used appear to be 
stimulative rather than depressive. 

Summary 

1. Ethylene at concentrations of one part in one thousand of 
air, one part in ten thousand, one part in one hundred thousand, 
and one part in one million increased the respiration of green lemons. 
The effect appeared to be greatest at the intermediate concentra¬ 
tions, although more work to establish the concentration yielding 
the maximum effect is necessary. 

2. The increase in carbon dioxide output ranged from about 
100 per cent to about 250 per cent. 

3. After the respiration of a given lot of lemons had been 
increased by the use of ethylene, a discontinuance of the ethylene 
applications led to a decrease. 

4. Yellowing of the ethylene treated fruit became visible about the 
third or fourth day, and full yellow color was developed in six to ten 
days. Untreated fruit remained green during the same period of time. 

Bureau of Chemistry 
Department of Agriculture 
Los Angeles, Cal, 
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GROWTH OF PLANTS IN ARTIFICIAL LIGHT 


II. INTENSITIES OF CONTINUOUS LIGHT REQUIRED 
FOR BLOOMING 

Esten Hendricks and R. B. Harvey 

(with one eigure) 

The intensity of light at which plants are grown is related to 
the rate of growth. In continuous illumination there is a constant 
rate of synthesis of carbohydrates, and the rate of growth is uniform. 
Under such conditions there is no periodic daily fluctuation in 
carbohydrate content or in growth rate, such as occurs in plants 
which are grown in sunlight. By the use of Mazda lamps as the 
source, the intensity of light can be kept fairly constant, so that one 
can determine definitely what intensity is required for maintenance 
of the plant or for flower production. Kraus and Kraybill* 
have shown that fruiting is dependent upon a certain ratio of 
carbohydrates to other nutrient constituents; so one would expect 
blooming to be dependent upon a suitable intensity of light. 

From common experience it is observed that plants vary in their 
requirements of light intensity. It was the object of this study to 
determine what these requirements are, when temperature is kept 
constant and other environmental factors are held as nearly uniform 
as possible. Obviously, the light intensity required for the con¬ 
tinued growth of a plant must be such that the assimilation will 
at least overbalance the loss by respiration. 

Plants were grown in the rooms described in a previous paper.* 
They were planted in good soil and watered with Knopfs nutrient 
solution occasionally, so that there was no deficiency of mineral 
nutrients. The light intensity was varied by placing the plants at 
different distances from the lamps. The Macbeth illuminometer 
was used to measure light intensity, reading directly in foot candles. 

> Kraus, E. J., and Kraybill, H. R., Vegetation and reproduction with special 
reference to the tomato. Oregon Agric. Coll. Exp. Sta. Bull. 149. 1918. 

3 Harvey, R. B., Growth of plants in artificial light. Bor. Gaz. 74:447-451. 
1922. 
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Where there was a considerable increase in height of the plants as 
they grew, the intensities arc given over the range covered. Several 
measurements of light intensity were taken during the period of 
growth. The plants were subjected to a range of intensity from 
50 to 10,632 foot candles. Only the intensities at which the plants 
bloomed arc recorded in table I. No doubt in the higher intensities 
some varieties were subjected to excessive temperatures, owing to 
the light absorption by the leaves. Since in most cases the plants 
were grown from seed, they assimilated f)ractically all of their dry 
weight in the artificial light. 

Amaranthus retrojl^xus and Chenopodium album bloomed at 
notably high light intensities, but were stockier than those plants 
which bloomed at lower intensity. Evidently these plants have 
a high tolerance for light. Strawberries bore fruit at 1500-2000 
foot candles, but did not bloom at 500 foot candles. Plants grown 
at intensities below their proper range tend to be spindling, and are 
likely to become diseased. Nicotiana lahacum grew well at low 
intensity and bloomed over a great range of intensity. Fagopyrum 
and Tropaeolum seem adapted to growth at low intensities, in fact 
at intensities at which a great many plants cannot maintain them¬ 
selves. 

The four-o>clock produced abundant flowers at 1350 foot candles, 
but only by \dolent fluctuations in temperature or moisture could 
the flowers be opened in continuous light. When the temperature 
and soil moisture were kept uniform, the flowers remained unopened 
although fully formed, until an abscission layer formed and they 
dropped off. After a number of flowers were fully fonned and past 
the time at which they should have opened, the lights were turned 
off for an hour. Then ten flowers promptly opened. Squash 
produced staminate flowers abundantly at 476 foot candles, but 
only a few pistillate flowers. 

On December 27 some Easter lily bulbs were just sprouting. 
The plants shown in fig. i were photographed on February 27. 
The lily on the left was grown in continuous artificial light at 20° C., 
the one on the right was grown in the greenhouse at a fluctuating 
temperature which averaged above 20° C. In artificial light Easter 
lilies can be speeded up to bloom within two months after sprouting. 
The plants in the greenhouse did not bloom until a month later. 
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TABLE I 

Intensities of light at which plants bloomed and 


PRODUCED 

SEED 


Plant 

Tcmp^ture 

LighJ intensity in 
foot candles 

Boltonia asteroides. 

2S 

950 

Cucurbita moschata*. 

25 

550 

Pisum sativum. 

14 

400 

Silenc latifola. 

2S 

800 

Lactuca sativa. 

25 

900-1350 

Ericeron canadensis. 

25 

1040 

MelUotus alba. 

14 

1180 

Phaseolus \ailgaris. 

25 

850 

Stellaria media. 

25 

920 

Avena sativa. 

14 

950 

Hordeum vulgarc. 

14 

650-800 

Secale cereale. 

14 

600-1200 

Triticum vulgare (Kota). 

14 

650-800 

Triticum vulgare (Winter). 

H 

650-800 

Triticum vulgare (Bluestem). 

14 

650-800 

Triticum durum (Monad). 

14 

650-800 

Raphanus sativus. 

14 

1400 

Trifolium pratense. 

14 

1400 

Melilotus officinalis. 

34 

1400 

Viola tricolor*. 

25 

1000 

Tropaeolum minus. 

20 

250-450 

Oxybaphus nyctagineus. 

20 

3350 

Cucurbita moschata. 

20 

250-500 

Linum usitatissimum. 

20 

500-1050 

Nicotiana tabacum. 

20-25 

800-10,032 

Zea Mays. 

25 

500-3000 

Euphorbia splendcns.i 

20 

800 

Lilium longifolium. 

20 

1200 

Salvia sp. 

20 

300 

Pelargonium sp. 

20 

350-’SSO 

Trifolium hybridum. .*. 

20 

400-600 

Chenopodium album. 

20 

500-10,632 

Amarantbus retroflexus. 

20 

500-10,632 

Solanum nigrum. 

20 

750 

Phaseolus vulgaris. 

20 

300-SS0 

Cannabis sativa. 

20 

300-450 

Dianthus barbatus. 

20 

650 

Fragaria sp. 

20 

1500-2007 

Cucumis melo. 

20 

500-2007 

Fagopyrum esculentum . 

20 

300-400 

Hibiscus triomim. 

25 

600-900 

Solanum tuberosum*. 

25 

450-500 

Curcurbita Pepo*. 

2$ 

SOO-750 

Aster sp. 

25 

500-2007 

Viola sp. 

25 



[may 


* Bloomed but no seed set. 
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Evidently the quantity of material assimilated by the leaves serves 
to increase the growth rate over that of plants with day and night 



Fig. I. —riant on right grown in daylight; plant on left grown in continuous 
artificial light. 


TABLE II 

Carbohydrates of Easter lily* 


SAMPUSt 

Dry 

WEIGHT 

PERCENT¬ 

AGE 

Sugars 

Starch 

PERCENT¬ 

AGE 

Pentosan 

PERCENT¬ 

AGE 

Total 

NITROGEN 

percent¬ 

age 

Keducinir 

IMsrcentage 

Sucrose 

percentage 

Total 

l>ercenlage 

Daylight. 

lo. 91 
9.78 

5 2i 

10. 51 

6. 22 

2. Q2 

9 45 

15 43 

2-35 

6. 41 

6.96 
8.89 

3 34 

2.34 

Artificial light.... 


* The writers are indebted to Mr. F. R. Davison for these analyses, 
t Both samples picked at 3:00 p.m., March 20, 1023; samples run in duplicate or triplicate. 


exposure. In table II is given the composition of the lily leaves 
collected at 3:00 p.m., when the plants in daylight should show a 
maximum of starch. The greater quantity of carbohydrates in 
the plants grown in artificial light is quite marked. 
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Conclusions 

1. A number of plants have been subjected to continuous artifi¬ 
cial illumination and determinations made of the light intensities at 
which blooming occurred. 

2. Plants were found which showed growth and blooming at a 
great range of intensities, while others were found to bloom only 
at a limited range. 

3. A speeding up of the time of blooming in Easter lilies was 
correlated with an increase in the carbohydrate content of the 
leaves when grown in continuous artificial light. 

University Farm 

St. Paul, Minn. 



SMOKE AND SOIL ACIDITY 

Arthoe Pierson Kelley 
(with two figures) 

The southern part of the ‘^peninsula’’ upon which the city of 
Philadelphia is built is a slightly undulating plain with an elevation 
varying from sea level to thirty feet. For many years civic growth 
was in other directions, while this southern area remained as a 
region of small truck farms, but houses and factories are now 
encroaching upon it. With this industrial development have 
come repeated complaints from the truck farmers that their crops 
were damaged by various emanations from the nearby factory 
stacks. At the suggestion of Professor Rodney H. True, to whom 
the writer is much indebted for advice during the prosecution of* 
the work, a soil survey of the region was undertaken to determine 
whether or not the agricultural soils of the region were acid, and 
if acidity were present, whether its distribution could be correlated 
with fume production from the industrial plants. If these plants 
were giving off considerable quantities of acid fumes, it seemed prob¬ 
able that these would have accumulated in the soils of the region 
in such quantities as could be measured by the methods here used. 

Investigation 

Soil. —^The area investigated, including about three square 
miles, is part of the coastal plain, and is covered by an alluvial 
deposit called Sassafras soil,* formed from weathering of uncon¬ 
solidated deposits of late geological age. Sassafras sandy loam 
consists of a light brown or yellowish gritty sandy loam becoming 
heavier with depth. Both soil and subsoil contain mica flakes and 
fine gravel. In places the latter is found in considerable quantities. 
Almost surrounded by towns, with rivers on three sides used by 
many steamers, the land intersected by railroads and dotted with 
factories, it would seem that the region might be subject to smoke 
injury. 

* Shaw, C. F., Soils of Pennsylvania. Penn. Agric. Exp. Sta. Bull. 132. 1914. 
33$] [Botanical Gazette, vol. 77 
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Acidity observed. —^Work was done in this region during the 
months of July and August, 1922, on both cultivated and unculti¬ 
vated land in different parts of ‘^The Neck” at varying distances 
from the most conspicuous plants. Borings were made with a 
soil auger to levels from 15 to 90 cm., and the samples thus obtained 
were carried immediately to the laboratory in corked test-tubes. 
Here they were mixed with distilled water in 1:3 proportion and 

TABLE I 
Ph values 


Depth of sauples in ch. 


BOXINGS 

NO. 

Surface 

IS 

30 

45 

60 

75 

90 

2261. 

5-6 

6.0 

6.0 

S-8 

S-8 

m 

6.1 

2268. 

6.0 

5-7 

6.1 

6.1 

6.4 


6.5 

2275 . 

6.2 

5-7 

s-6 

5-8 

5-8 

Kl 

6.0 

2282. 

6.2 

6.0 

6.1 

6.2 

6.2 



2288. 

6.2 

5.6 

5-4 

S- 7 

S -7 

S -7 


2221. 

S-6 

5.6 

5.8 

S.S 


2228. 

S.8 

5-6 

S-6 





2000. 

5-0 

5-1 

5-3 

5-5 

S-8 

s-8 

6.0 

2007. 

5-5 

s-6 

S-6 

5-6 

5-6 

S-8 

6.0 

2014. 

5.6 







2021. 

5-6 

5.6 

C. 7 

6 




2028. 

5.6 

5-6 

5-6 





203s. 

5-8 

5.6 

S-i 

4.9 

5-7 

5-8 

S-8 

2042. 

6.1 

S-6 

S -4 

5-6 

6.0 

6.1 

6.3 

2091. 

5-4 

S-8 

6.4 

6.8 

6.8 

6.8 

6.6 

2305. 

6.0 

S -7 

S -4 

5-6 

S-8 

S -4 

S -4 

2312. 

5.8 

6.0 

6.8 

6.8 

7-0 

7.0 

7-0 

2319. 

6.0 

5-6 

! 5 -^ 

1 S-8 

5-8 

6.1 

1 5 9 

2326. 

6.0 

6.1 

1 6.1 

! 6.3 

6.1 

6.4 

6.7 

2333. 

6.0 

6.0 

5-6 

5-8 

5-8 

5-4 


2340. 

54 

5-4 

S-6 

S-8 

S -9 

S -9 

2347. 

S -4 

5-6 

6.0 

6.0 


S -4 

S-8 

2354 . 

5-6 

5-8 

5.8 

6.0 

6.0 

6.0 

6.0 

Average.. 

5-75 

5-69 

5-75 

s-84 

6 - 3 S 

6.47 

6.13 


tested with Clark and Lubs indicators by the use of a comparator 
and standards. The results of these tests are shown in table I. 
It will be seen that the soils are acid, but that the geographical 
evidence seems to indicate that the acidity is not to be correlated 
with any one industrial plant (fig. i). Being almost encircled 
with smoke sources, the atmosphere of ‘‘The Neck” would be 
smoky no matter what the direction of the wind* Moreover, soil 
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immediately adjoining the most important works was not acid. 
Similar results have been found by Just and Heine.® 

Smoke and acidity. —A question now arose as to whether 
acidity found in the soil was caused by smoke, or whether it was 
a natural condition of Sassafras soil.. To determine this an investi¬ 
gation has been made of a comparable area of Sassafras loam at 
Monmouth Junction, New Jersey, where the atmosphere, while not 
entirely free from smoke, was much more nearly so than in South 



Fig. I .—Map of South Philadelphia; figures indicate Ph values 


Philadelphia. The rc.sults are given in table IT. In general a 
sandy soil may be normally acid, as indicated by a DeKalb area 
in the North Valley Hills of Chester County, Pennsylvania. A 
more or less similar curve on the acid side is again exhibited (fig. 2). 

Soil acidity and sulphur. —^Tests were made to discover the 
sulphur dioxide content of soils from various places near the Point 
Breeze works. They were carried out according to the method given 
by Haywood,*^ and the results are given in table III, together with 
some obtained for soils from Monmouth Junction, New Jersey, 

* Just, L., and Heine, H., Zur beurteilung von vegetationschaeden durch saure 
gase. ^ Landw. Versuchs-Sta. 1889. 

3 Haywood, J, K., Injuiy to vegetation by smelter fumes. U.S. Dept. Agric. 
Bur. Chem. Bull. 113. 1908. 
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and from Paoli, Pennsylvania. Waters flowing out of the region 
apparently are contaminated by sewage. Two natural streams 
remain, and there are a number of drainage canals, especially in 

TABLE n 
Ph values 




Fig. 2.—-Relation of soil depth to soil acidity; figures indicate Ph values 


the lower lying eastern section, the waters of which in all cases 
observed were over Ph 7.0. Dew on plants at Remerten’s Nurseries 
at least on one day was about Pa 7.0, while at other times and in 
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other places the Ph was less, to as low as 5.6. Even in an area 
subject to smoke influence soil may not of necessity be acid, nor 
crops seriously affected. A half-acre garden on Manor loam at 
Paoli, Pennsylvania, almost constantly under an atmosphere laden 
with fumes blown over from the railroad yards, was kept under 
close observation. With constant cultivation during the growing 
season and proper use of fertilizers, the soil is kept at a Pn about 7.0, 
although Manor loam is normally at a Ph of 6.4. 

TABLE III 


Test borings no. 

Location 

Percentage 
SOi, as BaSo, 

Ph 

2. 

Grounds of Atlantic refinery 

1-37 

7.0 

6. 

Overgrown field, Girard Point 

1-33 

S.6 

7 . 

Marsh, Girard Point 

1.32 

5-4 

8. 

Hay field, Girard Point 

1.38 

6.6 

20 . 

Cultivated field, Girard Point 

2.91 

6.6 

28. 

Garden, Monmouth Junction, N.J. 

0.74 

6.1 

38 . 

Field, I mile from railroad, Paoli 

2.44 

6.4 

40. 

Garden, cultivated, Paoli 

3 -16 

7.2 

42 . 

Garden, uncultivated, Paoli 

2.23 

6.8 


Summary 

In the trucking section of South Philadelphia the air is often 
heavily loaded with combustion products from great industrial 
plants, railroad engines, and other sources. The soils of this 
region, consisting of Sassafras loam, are somewhat acid but not 
more so than another area of the same soil type at Monmouth 
Junction, New Jersey, where there is little smoke. Other sandy 
soils, of DeKalb areas, have shown approximately the same Ph 
values. The geographical distribution of acidity in South 
Philadelphia apparently is not correlated with the location of the 
smoke producing plants. With better cultural methods, cultivated 
lands in another type of soil have been kept near neutrality. • 

University of Pennsylvania 
Philadelphia, Pa. 
















BRIEFER ARTICLES 

THREE SETS OF MEGASPORANGIATE CONES 
PER YEAR IN PINUS* 

(with two figures) 

Professor W. E. Davis called my attention during the spring of 1923 
to a certain specimen of Pinus Banksiana^ which he had been passing 
every few days, as exhibiting something very peculiar to him. Investi¬ 
gation showed that this tree was producing two and three sets of “yearly 
growths” during this spring, each of which had a bare space at the base 
where the microsporangiate cones normally occur. The leaves were as 
usual, and near the tip of each “year's growth” there were one or two 
(and in one case three) megasporangiate cones. At least four branches 
were found in which there were present three complete sets of mega¬ 
sporangiate cones, one set for each “year’s growth.” Several were found 
in which they were in the first and second or first and third “year’s 
growths.” When observed in the middle of the growing period, the 
different growths were progressively smaller in diameter, and had pro¬ 
gressively smaller leaves, but the megasporangiate cones were practically 
all of the same size. Several small side branches produced the micro¬ 
sporangiate cones. In all such cases only the normal year’s growth took 
place. , 

The tree was medium sized, a little under three meters in height, and 
had been transplanted to this spot at least four years previously. The 
growth was very vigorous on the branches as well as on the leaders. The 
peculiar growth took place in 1922 also, but more sparingly. Previous 
to that it apparently had not taken place. 

Inspection of the cut ends showed the proper number of annual rings 
of normal size in accordance with the actual age, but closer examination 
with a compound microscope disclosed the fact that in at least some of 
the cases there were faint rings within the conspicuous annual rings, 
the same in number as that of the apparent “year’s growths. ” During the 
period of growth in length one could tell the “ year’s growths,” both by the 
thickness and by the fact that the newest growth was green throughout, 
but in the older “year’s growths” of this year one or two layers of whitish 

^ Contribution from the Botanical Laboratory of Kansas State Agricultural Col¬ 
lege, no. 205. 
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wood were evident. As the twigs increase in age the faint rings usually 
vanish. Consequently, later in the season or in later years the growths 
can be told apart positively only so long as they are of a size, or retain 
their cones, or have similar aged branches. 

C. S. Sargent, in his Manual of the trees of North America^ in describ¬ 
ing the cones, states for this pine: Often with two clusters produced on 
the same shoot.’’ This has been noticed previously on Pinus Banksiana 



Fig. 2.—Diagrammatic sketches of cross-sections of twigs of Pinus Banksiana 
of different ages, collected in the fall: A, youngest or last of three growths produced in 
1923; Bf oldest or earliest of three growths produced in 1923; C, three-year-old twig, 
latest growth as shown by cones; sketches by S. Fsed Prince. 

in this vicinity, but at the present time this case is the best one that has 
been found, in which three sets of megasporangiate cones have been pro¬ 
duced in a single year. At least five other trees of this species have been 
found which produced three growths in a year, although but sparingly. 
Both 1922 and 1923 have been prominent in this respect, although the 
seasons were quite different, that of 1922 being an early spring, while 
the spring of 1923 was very late. The summers were similar, although 
that of 1922 was very much hotter.— Frank C. Gates, Kansas State 
Agricultural Collegey Manhattany Kansas, 





BRIEFER ARTICLES 


343 


1924I 


LACTOPHENOL 

Investigators and teachers of natural science have need for a single 
solution in which freehand sections and small specimens of plants and 
animals can be fixed, stained, preserved, and permanently mounted. 
Lactophenol, a solution which partly accomplishes this purpose, was 
called to my attention by Dr. J. J. Davis of the University of Wisconsin. 
After using lactophenol for several years for various purposes, it seems 
desirable to call the attention of teachers and investigators to its merits. 

A translation from Strasburger-Koernicke, Botanisches Praktikum, 
Ftinfte Auflage, 767,1913, follows: 

Lactophenol: Lactophenol may be used alone or with copper solutions as 
a preservative material for mosses and algae. Lactophenol may be prepared: 


I. 

Carbolic acid crystals... 

• ••(<:•?•). 

— 20 gm. 

2. 

Lactic acid. 

...(sp. gr. 1.21). 

.... 20 gm. 

3 * 

Glycerine. 

...(sp.gr. 1.25). 

.... 40 gm. 

4 - 

Water. 

... (distilled). 

— 20 gm. 


This solution combines the clearing qualities of carbolic acid with the soften¬ 
ing properties of lactic acid. It is very good for herbarium materials, espe¬ 
cially when warmed with a 10 per cent lactophenol solution and transferred to 
pure lactophenol. For preserving desmids, PalmelJae, and filamentous algae, 
place 5 gm. lactophenol with 95 cc. distilled water, then add 0.2 gm. copper 
acetate. This same solution, ten times more concentrated, is recommended 
for use on excursions. Place 5-10 per cent of the concentrated solution in 
water containing algae, which it fixes so that it can be stored for a long time. 
The chlorophyll holds its color in this solution. Glycerine gelatine may be 
employed as a moimting medium. Soak 8 gm. of gelatine in 44 cc. distilled 
water, then add 30 gm. glycerine, cook in a water l^ath, filter, and add 10 gm. 
lactophenol thereto. The preparations become as transparent as in Canada 
balsam, and are well preserved. Instead of lactophenol, one can add a concen¬ 
trated lactophenol-copper solution to glycerine jelly. Green and blue pigment 
are well preserved. 

Lactophenol gum as a mounting medium: dissolve 38 gm. very pure gum 
arabic in 50 cc. fresh distilled water, add 5 gm. glucose, 6 gm. lactophenol, and 
filter the solution through glass wool. It is used cold and dries very quickly. 

In mixing the solutions composing lactophenol as described in this 
formula, the uncorked bottle of carbolic acid crystals should be set in a 
dish of water, and heat applied slowly until the crystals are in solution. 
The remainder of the process in preparing the formula needs no explana¬ 
tion. 
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An acid stain may be added to lactophenol when either differential 
staining or preservation of colors is desired. Stains used with best success 
by the writer are saiiregriin, acid fuchsin, and acid carmine. A stock 
solution of green lactophenol was prepared by adding o.io gm. of Grub- 
ler's sauregriin to loo cc. lactophenol. This stock solution may be used 
undiluted, or diluted by placing lo cc. of green lactophenol into each of 
three pipette bottles containing lo cc., 20 cc., and 40 cc. of clear lacto¬ 
phenol respectively. Experience showed different materials required 
different intensities of the colored stock solutions, and by this method 
three good working colored solutions were at hand. Generally, colored 
solutions of lactophenol were prepared by adding the stain to lactophenol 
until the solution gave a deep color when examined by transmitted light. 
Permanent sections should be mounted in a deep colored lactophenol 
solution, since the stain fades when exposed to bright light. 

When microscopic slides containing sections mounted in lactophenol 
were stored, evaporation took place. If more lactophenol was flowed 
under the cover glass and the process repeated, evaporation was reduced 
to a minimum. If the slides and covers were cleaned and ringed with a 
good cement, however, evaporation of the lactophenol was entirely pre¬ 
vented and the mounted materials remained in an excellent state of pres¬ 
ervation. While lactophenol has its limitations, when once used in the 
laboratory it will meet a long felt need.—W. H. Davis, Massachusetts 
Agricultural Collegey Amhersty Mass. 
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NOTES FOR STUDENTS 

Photosynthesis and respiration.—In their studies of the physiological 
processes of green leaves, Brown and Escombe showed that leaves utilize 
in photosynthctic activity about 0.66 per cent of the radiant encrg>^ they 
receive. Furthermore, they calculated that if the leaf could utilize all the 
energy of that part of the spectrum in w-hich chlorophyll absorbs most strongly, 
the efficiency of energy transformation would not exceed 6 per cent, since those 
regions of the spectrum contain only about 6 per cent of the total solar energy. 
Warburg and Negelein^ have obtained a theoretical efficiency of energy 
transformation of 70 jxjr cent, using a narrow region of the spectrum, 645-570 
fifjL, and an intensity about i/iooo of normal daylight. 'The light was thrown 
into cultures of Chlordla of such thickness as to give total absorption, and the 
energy transformation w^as calculated from the amount of O3 liberated, correc- 
tions being made for respiratory use of oxygen. The observed efficiency w^as 
about 50 per cent, from which was calculated the initial efficiency for the first 
increment of light above zero. This extrapolated efficiency was 70 per cent. 

Cells grown in w^eak light previous to use in experiments gave a higher 
cflicicncy than cells grown in strong light. This is explained on the basis of an 
adsorption theory which has been developed by Warburg^* wdth reference to 
photosynthesis and respiration. The photosynthetic reactions are considered 
to be adsorption reactions, and in brightly illuminated cells there is more free 
glucose. This glucose is adsorbed on the phase surfaces to a degree that retards 
the adsorption of the substances reacting in synthesis. As there are alw^ays 
some adsorbable substances present in the cells besides the reactive ones, and 
as the energy adsorbed by the chlorophyll is available for photosynthesis only 
during 10”* seconds, it is evident that perfect efficiency is impossible. Evidence 
resulting from the application of the quantum theory to these problems lends 
support to such theories as have been put forward by Willstatter and Dixon, 
who believe that the first reactions of photosynthesis involve intramolecular 
rearrangements either in lECOj or in the chlorophyll itself. In order to secure 
the requisite energy, one molecule of HaCOj must interact with three molecules 
of chlorophyll. 

* Warburg, 0., and Negelein, E., Uber den Energieumsatz bei der Kohlen- 
silureassimilation. Arch. Neerl. Physiol.derhonuneetdesanimaux. 7:415-430. 1922. 

^ Warburg, O., tJber Oberflachenreaktionen in lebenden Zellen. Zeit. Elektro- 
chem. 28:70-75. 1922. 
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The importance of adsorption in respiration has been illustrated by means 
of a model cell, in the second paper cited. This consists of a solution of amino 
acids containing powdered charcoal. On passage of a current of air through 
the liquid, oxidation of the amino acids occurs at a rate equal to the respiration 
of an equal mass of living tissue. The charcoal, by adsorbing the interacting 
amino acids and oxygen on its surface, causes the reaction to be greatly hastened. 
Similarly, the great acceleration within the cell of processes that are infinitely 
slow outside it, Warburg believes to be due to the adsorption of the reactive 
substances on the surfaces of the solid constituents of the cell. 

The effects of anaesthetics upon living cells, and upon this model cell of 
powdered charcoal, are very similar. Thus, for the same degree of depression 
of respiration or photosynthesis, homologous series of anaesthetics show a 
progressive anaesthetic efficiency from member to member, the highest member 
of a series being from loo to looo times as effective as the first member. On 
calculating the surface area covered by the anaesthetics at equal depression of 
the respiratory rate, it is found to be a constant. This constitutes strong 
evidence of the correctness of the theory. Moreover, these anaesthetics 
affect the oxidation of amino acids in the charcoal-containing model cell in 
exactly the same way as they affect the life processes. 

The anomalous behavior of HCN which, although adsorbed quite weakly, 
is effective in suppressing respiration in very low concentrations, leads to the 
hypothesis that the surfaces of the solid cell constituents are mosaics of Fe- 
containing and Fe-free regions, the latter greatly predominating. Respiration 
and photosynthesis are supposed to be catalysed on the Fe-containing regions 
only, although the reacting respiratory and synthetic substances are adsorbed 
equally over the whole surface. The hydrocyanic acid, because of its strong 
affinity for the heavy metals, replaces the reactive substances only on the 
iron-containing areas, and thus iittle is needed to depress respiration, whereas 
anaesthetics replace them over the entire surface equally, and much is required 
unless adsorbed strongly. The r 61 e assigned to iron here is quite in accord 
with that put forward by Moore some years ago. Such careful fundamental 
theoretical work as this is highly inspirational.—^H. S. Wqlfe. 

Plant tumors and animal cancer.— Levin and Levine, ^ in a series of 
articles designed primarily for medical readers, endeavor to shed light upon 
certain aspects of the cancer problem through studies of similar growths in 
plants. They take exception to the view that cancer and crown gall are practi¬ 
cally identical biologically, but consider that there are many points of analogy 

* Levin, I., and Levine, M., Malignancy of the crown gall and its analogy to 
animal cancer. Jour. Cancer Research 5:243-^260. 1920. 

-, The r 61 e of neoplasia in parasitic diseases of plants. Jour. Cancer 

Research 7:171-178. 1922. 

-, The action of buried tubes of radium emanation on neoplasias in plants. 

Jour. Cancer Research 7:163-170. 1922. 
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between the two, and that since a plant is much less complex in its organization 
than an animal, neoplasias in plant tissues offer favorable material for studies 
of cell proliferation. It is claimed that crown gall in plants is commonly 
analogous to benign tumors in animals, and that malignant crown gall, while 
analogous to cancer, is relatively rare and is not due directly to infection by 
Bacterium tumefaciens^ but rather represents the result of the action of an 
unknown secondary stimulus, which has altered the limited growth, begun for 
purposes of protection against bacterial invasion, into a condition of limitless 
proliferation. 

It has long been noted that in club root caused by Plasmodiphora brassicae 
the large cells containing the parasite are always surrounded by layers of 
iminfected small cells. A similar condition occurs in potato wart lesions. 
The theory is advanced that these smaller cells are immune to the parasite and 
tend to form a protective barrier against its further encroachments. 

The treatment of animal tumors by the insertion of capillary glass tubes 
filled with radium emanation demands a more complete knowledge of the 
mechanism of the radium action. For this investigation, also, plant tissues 
suggested themselves as favorable material. The effect of the radium emana¬ 
tion on both normal and diseased tissue was studied. The radium tubes were- 
inserted as in animal tissues, and in every case empty glass tubes of similar 
size and shape were inserted into corresponding tissues as checks. Where 
normal tissue was used the radium emanation invariably induced necrosis, 
usually slight, but varying in degree according to the amount of radium emana¬ 
tion in the tube, the length of the exposure and the kind and age of the tissue. 
No necrosis was observed in the checks. Inoculation of Pelargonium stems 
wdth the crown gall organism, followed immediately by the insertion of the 
radium tubes, resulted in the formation of a black necrotic area around the 
tubes, but no galls were produced. Inoculated stems into which the empty 
tubes were inserted developed typical crown galls. If the introduction of 
the radium tube w^as delayed until the gall had developed, there was death of 
cells and necrosis in the region immediately adjacent to the tube, but cells 
beyond were morphologically unaffected. Earlier work is cited, however, 
suggesting that such cells have been so influenced by the gamma rays as to have 
had their proliferating power inhibited. Similar results were secured on club 
roots artificially produced in cabbage and kohlrabi by inoculation with Plasma- 
diophora brassicae, —G. W. Martin. 

Shape of parenchyma cells.—^If college students in botany were asked to 
describe the 3-dimensional shape of a typical plant cell, their replies would 
probably include the range of opinion that it is six-sided” (cubical?) to 
irregularly polyhedral; a few might state that its shape is that which a plastic 
sphere would assume if surrounded by other similar spheres all of which touched; 
some might describe this “flattened sphere” as a rhombic dodecahedron. 
The latter is mdeed the opinion that dates back to Kieser and Buffon, who 
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arrived at this conception by the analogy of a stack of cannon balls, or of dry 
peas which are made to swell in a closed chamber. Lewis, ^ by means of 
models reconstructed from serial sections of elder pith, has studied the form of 
the typical cells of one mature plant tissue. Kelvin had demonstrated 
mathematically in 1887 that of all bodies which may be combined to fill space 
without interstices a tetrakaidecahedron, or figure having 14 surfaces, certain 
of which are slightly curved, rivaled the rhombic dodecahedron of Kieser in 
inclosing “the greatest space with the least extent of surface.’^ By actual 
count of the numbers of contacts which each cell of elder pith has with those 
surrounding it, Lewis has determined that these cells actually are approximately 
14-sided, a mean number of 13.96 contacts having resulted from counts on 
100 cells. More than half are 13, 14, or is-hedra. “Cells with an excessive- 
number of contacts are usually large, and of such form as to suggest that an 
expected division in some particular plane has failed to occur.” The manner 
of restitution of the tetrakaidecahedron following cell division, which produces 
an 11-sided figure, whether the bisecting plane be vertical or transverse, was 
determined by a study of actual cell models.—F. Weiss. 

Light and growth of plants.—^Ever since the work of Garner and Allard, 
showing a close relationship between the length of day and growth and reproduc¬ 
tion in plants, plant physiologists have felt the need of a thorough study of the 
chemical conditions existing in plants exposed to light for different periods 
of time. A recent paper by Nightingale^ does much to supply this need. 
Using mainly the tomato, but including several other plants, he exposed the 
plants to light for different lengths of time, and also varied the amount of 
nitrogen in the nutrient solution. He finds that in the tomato it is the carbo¬ 
hydrate-insoluble nitrogen ratio, rather than the carbohydrate-total nitrogen 
ratio that is significant in deteripining the type of growth. Strongly vegetative 
unfruitful plants were secured under conditions resulting in a high proportion 
of insoluble nitrogen to carbohydrates. These conditions were a short day 
and a good nitrate supply. If the nitrogen supply was kept up and the day 
lengthened, conditions were present for the formation of an abundance of 
insoluble nitrogen and also of carbohydrates. The result was strongly vegeta¬ 
tive and fruitful plants. Conditions of long day and low nitrate supply 
resulted in a high proportion of carbohydrate to insoluble nitrogen and a weakly 
vegetative and unfruitful plants. Buckwheat, soy beans, radish, and Salvia 
seemed to require a certain duration of light as well as a supply of carbohy¬ 
drates for the synthesis of nitrates to insoluble nitrogen. This was not true 

^ Lewis, F. T., The typical shape of polyhedral cells in vegetable parenchyma 
and the restoration of that shape following cell division, Proc. Amer. Acad, Arts and 
Sci. 58:537-552- 1923- 

5 Nightingale, G. T., Light in relation to the growth and chemical composition 
of some horticultural plants. Proc. Amer. Soc. Hort. Science 1922: 18-29. 
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in the case of the tomato, at least within the limits of the light exposure 
tested.—S. V. Eaton. 

Light penetration into seawater and plant distribution.—Using a Kunz 
photo-electric cell, Shelford and Gail® have made a study of light penetration 
into seawater under different conditions. They find that in clear, calm weather 
the surface of the water shuts out 25 per cent of the sunlight. If the surface is 
rough, as high as 70 per cent may be shut out. When the surface of the water 
is smooth, about 60 per cent of the light penetrates to a depth of i m. The 
authors also studied the penetration of light of different wave lengths. Then 
this quantitative data is related to the distribution of vegetation. Most of 
the brown algae are found at a depth of 10 m., where the short waves of light 
are about 10 per cent and the red about 0.Q9 per cent of full sunlight. The 
red algae are found between 15 and 25 m., where the shorter wave lengths are 
between 10 and 2 per cent and the red between 0.99 and 0.0032 per cent of full 
sunlight. Thus in both cases, the energy for photosynthesis is mainly from 
the shorter wave lengths. The work has been done carefully and accurate 
quantitative data on at least one of the factors affecting plant distribution in 
the sea have been determined.—S. V. Eaton. 

Sand and water cultures.—^In a series of carefully planned and conducted 
experiments with Marquis wheat, Bakke and Erdman’ studied the best 
proportions of the three salts KNOj, CaH4 (P04)a, and MgS04, for optimum 
growth in sand cultures as compared wdth these in water cultures. The data 
reported include records of transpiration, green and dry w eights, temperature, 
evaporating power of air, radiant energy, and hours of sunshine. Pronounced 
changes in hydrogen ion concentration during the final 3.5 day period of 
growth (and hence presumably in earlier periods also) are showm to have 
occurred. The tendency to approach neutrality was greater in the sand than 
in the water cultures. No correlation could be shown betw^een total yields 
and reaction values of the nutrient media, a result which might have been 
anticipated in the absence of buffered solutions. The w^ater culture giving most 
favorable growth of top had 2/8 of its total osmotic concentration derived 
from KNO3, 1/8 from CaH4 (P04)a, and 5/8 from MgS04. With sand, best top 
growth was attained in a corresponding 3/8 KNO3 solution, 3/8 CaH4(P04)a, and 
2/8 MgS04. Transpiration and green and dry weights of tops wTre generally 
higher in the water cultures, but greatest root development occurred in the 
sand cultures. In general, transpiration records over the entire period of 
^wth, and dry weight records of tops and roots, show parallel variations.— 
R. B. Dustman. 

® Shelforo, V. E., and Gail, F. W., A study of light penetration into seawater 
made with the Kunz photo-electric cell, with particular reference to distribution of 
plants. Publ. Puget Sound Biol. Sta. 3:141-176. 1922. 

7 Bakke, A. L., and Erohan, L. W., A comparative study of sand and solution 
cultures of Marquis wheat. Amer. Joiur. Bot. 10:18-31. 1923. 
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Hydrogen ion injury.—Certain abnormalities and retardations of root 
development in nutrient solutions made up to contain relatively high amounts 
of dihydrogen phosphates have been traced by Miss Addoms* to hydrogen ion 
mjury. She deserves credit for having employed the dark field illuminator 
in making the injuries visible. The injurious effects seem to be due to a coagula¬ 
tion of the protoplasm of the root hairs. The range studied runs from Pb 
3.94 to 3.47, a rather narrow range, and it is possible that the experiments did 
not run long enough to show whether the least concentration of hydrogen ion 
used is really harmless to protoplasm. The statement that there can be no 
direct relation between the hydrogen ion concentration of nutrient solutions 
and the yield of plants grown in them may need interpretation. If it is meant 
that there is no correlation between hydrogen ion concentration and yield, one 
would want statistical data as proof. The definitions of gel, coagulation, and 
flocculation appended in a foot note seem to the reviewer not in accord with the 
common use of the terms. Some authors describe reversible gel formation in 
the protoplasm.—C. A. Shull, 

Availability of mineral plant food .—A modification of the generally accepted 
views of mineral availability is offered by Comber.® In connection with the 
assumption that all nutrients must dissolve in soil water before absorption, 
certain inconsistencies are pointed out. These include the relation of the com¬ 
position of the soil solution to the mineral elements absorbed and the water 
transpired by the plant, the absorption of iron, and the availability of phos¬ 
phates. Feeding in the soil and in nutrient solutions is held to be unlike. 
The possibilities are suggested, first that the plant may absorb colloidal 
particles, and second, that there may be a union of the root hair with the soil 
particles, through their respective hydrophilous colloids, in such a way that the 
two form one system through which the dissolution of the soil particle by the 
organic matter of the root hair is more readily accomplished.—^R. B. Dustman. 

Wild flowers of South Africa.—^An attractive magazine’® on much the same 
lines as the well known Curtis’ Botanical Magazine is now in its third year. 
It contains hand colored plates of the flowering plants indigenous to South 
Africa, with accompanying botanical descriptions. The illustrations are mostly 
from drawings by Miss K. A. Lansdell and Miss S. Glover, while the descrip¬ 
tions have been prepared by E. Percy Phillips, botanist in charge of the 
National Herbarium at Pretoria. The current volume begins with plate 81, 
illustrating Clematopsis Stanleyij a small shrub of the Ranunculaceae. The 

* Addoms, Ruth M., The effect of the hydrogen ion on the protoplasm of the root 
hairs of wheat. Amer. Jour. Bot. 10:211-220. 1923. 

® Comber, N. M., The availability of mineral plant food. Jour. Agric. Sd. 
12:363-369. 1922. 

« The flowering plants of South Africa, edited by T. B. Pole Evans. Quarterly. 
Pub. by Specialty Press of South Africa, Johannesburg and Cape Town. 60s annually. 
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quality of the illustrations seems to compare favorably with that of the publica¬ 
tion after which it was modeled, while the remarkable diversity of the flora 
of South Africa affords many unique flowers to attract the attention of artists 
as well as botanists.— Geo. D. Fuller. 

Defoliation and blossom bud formation.— Roberts" finds that defoliation 
has a marked inhibiting effect on the formation of flower buds. There was a 
close relation between the removal of fractional parts of the leaf and the 
number of buds formed, the more of the leaf removed the greater the inhibition. 
While the effect is largely localized at the node where defoliation takes place, 
there is some effect in reducing the number of buds formed at adjoining nodes. 
The length of the spurs growing at nodes defoliated the preceding season was 
less than in the case of spurs growing at undefoliated nodes. It is suggested 
that this may be due to the greater nitrogen reserve of the undefoliated nodes. 
It would be interesting to study further the chemistry of the defoliated and 
undefoliated nodal tissue. This will no doubt be done in later work. The 
present report is part of the preliminary work that has been done on the general 
problem of the formation of buds by fruit trees.— S. V. Eaton. 

Fungicidal action of sulphur.—^Sulphur has been much used as a spray, 
material in the control of plant diseases without our knowing in what way it 
exerted its toxic effects. Young” has made a careful study of its action, and 
finds that the toxic compound which makes it a good fungicide is pentathionic 
acid, HaSsOe. The pentathionic acid forms an excellent adsorption medium 
to bind together S/i and water into a hydrophilic colloidal sulphur, as represented 
Sm 

by the formula SsOeHaSsOc. This hydrophilic colloidal sulphur exhibits 

HaO 

toxicity only at Ph 4.2-5.4, because the pentathionic acid is unstable at hydrogen 
ion concentrations on either side of this range. This work explains the effective¬ 
ness of various colloidal sulphur sprays which have been introduced in the last 
few years in Australia and Europe.—C. A. Shull. 

Lichens and glass.—Miss Mellor*3 has recently added to her interest¬ 
ing contributions to our knowledge of the ability of lichens to etch the surface 
of glass windows. Her previous work, noted in this journal,” is now sup- 

” Roberts, R. H., Effect of defoliation upon blossom bud formation. Wis. 
Agric. Exp. Sta. Res. BtiU. 48. pp. 15. figs. 5. 1923. 

” Young, H. C., The toxic property of sulphur. Ann. Mo. Bot. Card. 9:403-435. 
X922. 

Mellor, Ethel, Lichens and their action on the ^ass and leadings of church 
windows. Nature ii3:299‘-3oo. 1923. 

”Bot,Gaz. 73:433. 1922, 
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plemented by further evidence. Twenty-three species and varieties are recog¬ 
nized as frequenting this curious habitat, of which Diploicia canescens is most 
abundant. 

Some of Miss Mellor’s conclusions have been called in question by 
Heaton, who regards the decay of the glass of old stained glass as the cause 
of the presence of lichens, rather than the reverse. This criticism brings a 
reply from Miss Mellor,*^ whose contention that lichens cause disintegration 
of the surface of stained glass and the production of pits seems to be well 
supported by her evidence.— Geo. D. Fuller. 

Vegetation of Himalayas and of Corsica.—^The firsU^ of two recent numbers 
of the Vegetationsbilder contains excellent illustrations of monsoon forest, 
Quercus incana forest, Pinus longifolia forest, and of Euphorbia Royleana 
scrub, all from the slopes of the western Himalayas. 

The second number** is devoted to the vegetation of Corsica, and gives 
illustrations of Nerium oleander^ Arundo donax, Gomphocarpus fruticosus^ and 
Helleborus trifolius, together with photographs of macchie, forests of Pinus 
nigra, Abies alba, and of Fagus silvatica. — Geo. D. Fuller. 

Sexual state of plants.— Schaffner,*’ in continuation of his investigation 
of sexuality, has published results of work with Acnida tamariscina, Thalictruin 
dasycarpum, Acer saccharinum. A, rubrum, Tkalictrum dioicum, and Aesculus 
glabra. He is convinced that the various expressions of sexuality can be 
arranged in *‘a progressive series of many stages in respect to the intensity 
and fixity of the sexual state, all depending on a fundamentally similar physio¬ 
logical activity.’^ He gives a sequence of eight of the more prominent stages, 
beginning with typical bisporangiate species, and through intermediate stages 
culminating in dioecious species with no intermediates and no sex reversal.— 
J. M. C. 

*s Heaton, N., Lichens and their action on the glass and leadings of church 
windows. Nature, 505-506. 1923. 

Mellor, Ethel, Lichens and their action on the glass and leadings of church 
windows. Ibid. 506. 1923. 

*7 Kenoyer, L. a., Waldformationen des westlichen Himalaya. Vegetations- 
bilder, Kars ten and Schenck 15 :heft i. pis. 1-6. 1923. 

*8 Rikli, M., and Rubel, E., Korsika. Vegetationsbilder, Karsten and Schenck 
15:heft 1. pis. 7-12. 1923. 

» Schaffner, J. H., Observations on the- sexual state of various plants. Ohio 
Jour. Sci. 23:149-159. 1923. 
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DETERMINATION OF SEX IN ELODEA 

Jos6 K. Santos 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 317 
(with plates xxiii-xxvn and eight figures) 

In studying the reduction mitoses in Elodea gigantea (38), some 
differentiation was found among its chromosomes, but only male 
plants were available; consequently, it seemed desirable to investi¬ 
gate, our native species, E. canadensis, in which both male and 
female plants are abundant. 

My previous paper described the work already done on the 
determination of sex in plants, beginning with Strasburger (44), 
who reviewed the theory that sex is determined by the surrounding 
conditions; .the cytological work published by Darling (10) on 
Acer negundo, who claimed that he found an unequal distribution 
of chromatin in the nuclei resulting from the homotypic division; 
the work of Mottier (33), who studied the same plant but obtained 
different results; and the experimental and cytological investigation 
of Allen (i) on Sphaerocarpus, with its direct relation to the experi¬ 
mental work of C. and R. Douin (15) on the same genus; those of 
the Marchals’ (28, 29) on mosses; Correns (9) on Bryonia 
dioica and B. alba; Noll (34) on Cannabis; and Strasburger (45) 
on Mercurialis annua, Melandrium album, and others. 

Material and methods 

The material used in this investigation was collected in the early 
part of June 1922, from Wolf Lake, about fourteen miles from Chi- 


3 S 3 
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cago, where Strasburger^s material was collected. Ten sets were 
fixed in the held on different days and at different times of the day; 
and four sets were pickled in the greenhouse, where a quantity of 
the plant was kept. In addition, some material collected in August 
1921 was used. 

The fixing reagent was i per cent chromo-acetic acid, with about 
ten drops of i per cent osmic acid to 50 cc. of the solution. The 
material was imliedded in 52® C. paraffin, and cut 3- 4 ja thick, with 
some iO”i5 ju thick, and stained in Haidenhain’s iron-alum hacma- 
toxylin with methyl orange. 

Heterotypic prophase to synizesis 

The reduction divisions in E. canadensis agree in almost every 
respect with those of E. gigantca, as descrilied in my former paper 
(38), but all the structures arc smaller. The iiollcn mother cell 
following the last mitosis of the archesjiorial region is distinctly 
polygonal in outline in cross and longitudinal sections of the anther. 
Its cytoplasm is dense, and more or less uniformly granular. 
The nucleus may be in the center of the cell or very close to one side. 
Its strudure consists of a chromatin network or mesh, with nodelike 
structures or bcadlike enlargements in the intersections of the 
chromatin threads. Sometimes these fine chromatin threads and 
nodes are observed in pairs. According to Miss Digby (13), this 
is the first indication of thu reassociation of the chromosome halves 
(threads) which separated during the preceding telophase. Fig. i 
illustrates the earliest definite prophase of the first reduction 
division. The nucleolus may be vacuolated or not, and may be in 
the center or near to the periphery of the nucleus. 

As the nucleus enlarges the reticulum loses its reticular character, 
the chromatin nodes become larger and closer together, and the 
threads become thicker. This is perhaps due to the fact that the 
chromatin threads are gradually contracting and pairing. I was 
unable to find a place at this stage where the chromatin threads are 
not doubled. Whether or not this pairing is due to mere “chance 
parallelisms,” as claimed by Cleland (8), the results in Elodea 
seem to agree with the findings of Miss Digby (13) in Osmunda, 
Fig. 2 shows the gradual pairing of the threads, and in fig. 3 this 
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pairing has become more evident. From this stage the nuclear 
contents are slowly withdrawn from the nuclear periphery, w^hich 
indicates that synizesis is about to take ])lace. In tigs. 3 and 4 
the appearance of a clear si)ace on one or tw^o sides of the nucleus is 
represented. This period of develo})ment of the mother cell is 
brought about by the contraction of the nuclear contents fchro- 
matin threads.) and by the enlargement of the nuclear cavity (38). 

Synjzksis." As the nucleus advances into synizesis, the pairing 
and contraction continue, until at last a more or less com])act ball of 
chromatin at one side of the nucleus is formed. In the majority 
of cases, but not always, the synizesic knot lies on that side of the 
nucleus w^hich is nearest the peri])hery of the cell. This is the most 
critical stage in the development of the niotlier cell, and it remains 
in this condition for a comj^aratively long period. In Zamia this 
stage lasts for several days, the structure of the knot being so tight 
that sometimes it looks like a granular preci])itale from a chemical, 
reaction entangled in a mass of threads. In most cases one or two 
loops of threads project from the knot. \ careful examination of 
thin tangential sections of the chromatin ball, howTver, shows 
that the chromatin granules wx're brought close together by the 
contraction of the threads. In many cases these chromatin nodes 
or granules run in row’s side by side. Fig. 5 represents a ty])ical 
knot in which some of the chromatin threads are projecting in 
loops from the mass. As this process advances, the spireme l)ecomes 
more and more distinct and uniform. Miss Digby believes that 
during this period of the life of the mother cell, the association of 
threads in pairs, ])repared during the presynaptic stages, is con* 
summated. All the evidences in Elodca seem to support this theor>". 
The spireme threads during the later part of synizesis show’ a 
double character all the w’ay through, and become very’ much thicker 
than before. Up to this stage no material change is observed in the 
shape and size of the nucleolus, except that its vacuoles are more 
pronounced, and occasionally protuberances or budlike structures 
are noticed coming out from its surface. 

Open spireme.- .Soon after the maximum synizesic contraction 

is attained, the knot loosens its structure gradually, and the closely 
doubled threads begin to extend slowly throughout the nuclear 
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cavity, until they are more or less uniformly distributed (figs. 6-8). 
Meanwhile the spireme becomes thicker, and appears as a homo¬ 
geneous, smooth, single, and continuous filament, although in some 
places free ends may be observed. A critical examination of the 
spireme at this stage, however, reveals the fact that in many cases 
the chromatin nodes are found in two close and compact rows, which 
appear single at first glance. 

Second contraction. —Immediately after the distribution of 
the spireme in the nuclear cavity, loops are formed (fig. 9). These 
loops are especially characteristic before the partial segmentation 
and second contraction take place (figs. 10, ii). Shortly after 
the numerous loops are thrown and spread through the nuclear 
vacuole, the spireme passes into the condition known as second 
contraction, and during this period the chromatin filament becomes 
thicker and thicker, until its double nature can no longer be detected. 
I believe that this is the most critical part of the nuclear develop¬ 
ment. The loops become rearranged, their sides begin to approach 
one another, and they gradually become detached. The segments 
of the spireme become entangled, and it is almost impossible to 
determine the nature and number of the individual pieces. Fig. 12 
shows a stage preparatory to second contraction, in which the two 
ends of some of the loops have twisted around each other. Figs. 13 
and 14 represent the character of the second contraction in Elodea, 
Occasionally at this stagfe a constriction is observed at the distal 
end of the loop, which indicates that each side of the loop represents 
a univalent chromosome. During the later part of the second 
contraction, and before the individual segments are thrown to the 
periphery, the pollen mother cells, which during the resting period 
and up to the later stage of synizesis were packed closely, are 
beginning to round off and separate from one another. 

Diakinesis 

The knot formed by the second contraction does not seem to be 
of long duration, judging from the scarcity of this stage, but soon 
loosens, and the young bivalent chromosomes are thrown toward 
the periphery of the nucleus. This is indicated in fig. 15, in which 
the young heterotypic chromosomes are just coming out from the 
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second contraction. Some of them are in the form of 8^s, due to 
the twisting about each other of the parallel sides of the loops; some 
still have the U shape; and others are composed of two straight or 
slightly curved rods lying side by side and sometimes slightly 
twisted about each other; or the two segments adhere at one end, 
taking a more or less V shape. Closely following the stage shown 
in fig. IS is that of a complete distribution of the partially condensed 
bivalent chromosomes shown in fig. 16, in which some of the chromo¬ 
somes are clearly marked out, while others are still in the process of 
organization. Beginning at this stage, a critical study was made of 
the differentiation among chromosomes. The numerous counts 
made agreed remarkably with the number of bivalent chromosomes 
in Elodea gigantea; and even the characteristic unequal pair and 
the large or giant chromosome described in my earlier paper (38) 
were found. In text figs, i and 2 are two groups of the young 
heterotypic chromosomes, in which it is easy to distinguish the 
differences in size. Fig. 17 represents a later stage of diakinesis. 
This is one of the most favorable stages for the observation of the 
unequal pair of chromosomes, when one is fortunate enough to get 
the proper orientation, for sometimes the chromosomes are close 
to the periphery and point upward, both of which conditions make 
it difficult to recognize the exact outline of the two members of the 
pair. 

It is important to notice that during the later period of the second 
contraction, uji to the later period of diakinesis, the nucleus becomes 
more and more vacuolated and seems to be thin and empty. The 
cytoplasm near the nuclear membrane in the meantime becomes 
denser, making the nuclear wall seem thick and irregular in outline. 
This is the first indication that the spindle fibers are about to appear. 
At the time the .spindle fibers appear, the nuclear membrane and 
the nucleolus disappear simultaneously. This has led to the sug¬ 
gestion that both the membrane and the nucleolus have been used 
in the formation of the spindles (38), or that in some way they con¬ 
tribute to the formation of spindle fibers, as has been emphasized 
by Harper (18), Gates (16), Davis (12), and Miss Digby (13). 
On the other hand, Lawson (26) believes that the nuclear membrane 
does not break down and is not used up in spindle formation, but 
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that it becomes applied to, and completely envelops the surface of 
each chromosome. I have come to the conclusion, however, that 
not all the material for the spindle fibers is stored in the nucleolus 
and nuclear membrane, nor do these structures disappear com¬ 
pletely; but their material is deposited in the cytoplasm, par¬ 
ticularly on the sides of the nucleus toward the two poles, during 
the later period of the telophase. They reappear at the time the 
nuclear membrane is broken down, or even before the disorganiza¬ 
tion of the nuclear wall. Their structure in the early period of 
their formation shows that they consist of rather coarse threads 
with uniform nodal enlargements which look like a string of beads. 
When close together they give the general appearance of the struc¬ 
ture of the cytoplasm. The beads disappear, however, as soon as 
the spindle fibers arc stretched toward the two poles. Whether 
this bcadlike structure is due to nucleolar exudation or disintegra¬ 
tion I have not been able to determine. Fig. i8 is a longitudinal 
section of the nucleus, showing the young si)indle fibers emerging 
from at least four parts of the nucleus. 19 is similar, except 

that it is cut crosswise. At this stage the bivalent chromosomes 
are greatly condensed and well distributed throughout the nuclear 
vacuole. The fission between the two monovalent chromosomes 
that composes the bivalent chromosome is j)ractically indistinguish¬ 
able, Owing to the irregular iX)sition of the chromosomes, it is 
very hard to detect the uneven pair, but the giant one is evident. 

Heterotjrpic mitosis 

While the spindle fibers arc developing and the nucleolus and 
nuclear membrane arc disappearing, the heterotypic chromosomes 
undergo a process of condensation, until they are reduced to about 
one-half or less of their original size shown in the late diakinesis 
stage. This stage is represented in fig. 20, in which the fibers are 
stretching themselves and have lost their beaded character, while 
the chromosomes are moving toward the equatorial plate. Detailed 
drawings of the chromosomes of this stage are shown in the text 
figs. 3 and 4. An oblique polar view of the chromosomes arranged 
in the equatorial plate is represented in fig. 21. They exhibit the 
same differences in size and shape and number as was observed 
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Figs. i~8. —Eight chromosome groups of Eiodca canadensis: figs. 1 and 2 taken 
from early stage of diakinesis, with 24 bivalent chromosomes each; figs. 3 anti 4 from 
late diakinesis stage or early metapliase; figs. 5 and 6 from metaphase stage, also with 
24 bivalent chromosomes; fig. 7 from stem tip of male sfxirophyte, witli 48 univalent 
chromosomes; and fig. 8 from stem tip of female sporophyte, with same number of 
chromosomes as male. 
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in Elodea gigantea. The large chromosome is evident as well as 
the unequal pair. 

Soon after the 24 bivalent chromosomes become arranged in a 
definite plate, at which time they appear more or less globular and 
oblong ovoid, the fibers begin to pull apart gradually the two halves 
of each bivalent chromosome. A typical side view of the meta¬ 
phase of the heterotypic mitosis is represented in fig. 22, while 
fig. 23 shows late metaphase or early anaphase. In these two 
stages the giant chromosome is obviously splitting into two equal 
halves; occasionally it lags somewhat. On the other hand, the 
chromosome with unequal members is characterized by dividing 
earlier than the others. Frequently the small member is observed 
moving ahead, so that it is distinctly in advance of the rest of the 
chromosomes of its group. The point of attachment of the spindle 
fibers does not seem to be definite. Generally it is at the end, but 
sometimes it is a little toward the middle (text figs. 5, 6). The 
dual nature of the daughter chromosomes is practically unrecog¬ 
nizable, but in some instances may be traced more or less at their 
tips. 

Two stages of the anaphase, one following the other, are seen in 
figs. 24 and 25, in which most of the daughter chromosomes (somatic 
chromosomes) are F-shaped, with the apex of the V attached to 
the spindle. In both stages the giant chromosomes and the small 
member of the uneven pair are easily seen. The double nature of 
the haploid chromosomes is more or less distinguishable at their 
tips. These pass entire to the pole, where they form a little cluster 
in the anastomosing condition (fig. 26). Then the nuclear mem¬ 
brane, followed later by the nucleolus, begins to appear, and the 
wall between the daughter cells is gradually formed by the thicken¬ 
ing of the middle part of the spindles. The daughter nuclei enlarge 
immediately and assume an ovoid form. They are characterized 
by the fact that they do not reach a true resting condition, but soon 
prepare for the second division. 

Homotypic mitosis 

The life of the nuclear membrane of the daughter nuclei, result¬ 
ing from the heterotypic mitosis, is of short duration, because the 
second meiotic division follows quickly. As the two nuclear 
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membranes break down and the two nucleoli disappear, the two 
homotypic spindles appear simultaneously. These may lie parallel 
or at right angles to each other, or sometimes in a F-shaped position 
(figs. 29, 30). Fig. 28 shows two groups of chromosomes in the 
polar view of the two daughter nuclei arranged in the equatorial 
plate. Even in this stage the large chromosome and the small one 
from the unequal pair are noticeable. In this second division all 
the daughter chromosomes are split equally, and, as usual, the 
small chromosome divides earlier than the others (figs. 29, 30). 
Fig. 31 is at about the same stage as fig. 30, and illustrates the other 
arrangement of the two homotypic spindles. The four grand¬ 
daughter nuclei are formed about as the daughter nuclei in the 
first mitosis. Two of them, however, are slightly smaller than the 
other two (fig. 32). The nuclei grow rapidly and pass quickly into 
resting stage. At this stage the difference in size of the nuclei is 
almost imperceptible. Fig. 33 is an older stage in which the four 
nuclei are almost alike. To learn whether the mature pollen grains 
are affected by such differences as w^ere observed in the size of the 
four young granddaughter nuclei, I made the following measure¬ 
ments of the microspores collected at the time they were shed: 


First pair 
Average diameters 

102.73 MXgr-.'iSf* 
ioi.88/iX97-36M 


Second pair 
Average diameters 

94.11^1X85.65)11 

93-77^1X85.67/* 


Each of these averages is calculated from twenty-five measure¬ 
ments. It is evident that two of the resulting microspores are 
slightly larger than the other two. Although this dilTerence is 
rather small, it is very significant in its relation to the unequal 
distribution of the chromatin, due to the small chromosome from 
the uneven pair in the heterotypic mitosis. 

It is interesting to notice that the four microspores at an early 
stage are within the wall of the mother cell, but soon the wall 
disappears, so that they are no longer inclosed. At this stage the 
young tetrads enter upon a period of rapid enlargement. One 
peculiarity of the tetrad is that its four members do not fall apart, 
but remain attached and are ultimately shed from the sporangium 
still firmly joined together. They have a strongly cutinized exine 
and a well developed entine. 
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Somatic mitosis of formation of tube and 
generative nuclei 

Telophase to resting stage. —Soon after the chromosomes 
in the homoty|jic mitosis have reached the poles and have formed 
a more or less compact knot, the nuclear membrane begins to 
appear. At this stage the chromosomes seem to lose temporarily 
their individuality, but as soon as the rapid growth of the nucleus 
proceeds, their individual boundaries again become visible. They 
appear much elongated, lying parallel to each other across the 
nuclear cavity, sometimes with much regularity, with their sides 
cohering at various points. While the enlargement of the nucleus 
is in progress the nucleoli appear suddenly, and the chromosome 
bands become vacuolated (figs. 34, 35). Gr£goire (17), in his work 
on Allium, has shown that each chromosome shows two parallel 
lines, composed of threads or granules. In this somatic mitosis 
of Elodea it seems that the same process is taking place. The 
splitting of each chromosome into two halves is evident. This is 
in accord also with the idea proposed by Miss Digby and others. 
The vacuolization and splitting continue until a beaded chromatin 
framework or mesh is formed, which is the stage commonly known 
as ‘‘resting,’’ This condition in the pollen nucleus seems to persist 
for a comparatively short period, and soon the nuclear contents 
begin to reorganize by the pairing of the chromatin threads (fig. 36). 

Chromosome formation. —The pairing of the chromatin threads 
in the pollen nucleus of Elodea seems to occur with much regularity. 
I have examined a great number of them at this stage, and was 
unable to find a single one in which the young spireme was not 
doubled. The chromatin granules appear also with regularity in 
two close parallel rows (figs. 38, 39). As the nucleus enlarges, the 
spireme becomes more distinct and thicker and apparently loses its 
double nature. Once in a while one can find, here and there, some 
free ends. This perhaps is due in some places to the sectioning. 
The granules also appear single, but double the size of those in the 
resting stage (fig. 40). At this stage the spireme seems to be almost 
uniform in diameter and almost straight, radiating in different 
directions across the nuclear cavity. The first sign to be noticed 
before segmentation of the spireme is that it becomes very irregular 
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in diameter, that is, in certain places it is very thick and wavy, 
but thin in the other places ffig. 41). Closely following this stage 
is that shown in fig. 42, in which the individual segments are dis¬ 
tinctly seen separating from each other. Fig. 43 shows the partial 
condensation of the chromosomes which have become individualized. 

Metaphask to telophase. —When the maximum condensation 
has been attained by the chromosomes, and when the nuclear 
membrane and the nucleolus have disappeared, the chromosomes 
arrange themselves in the usual manner in the e(|uatorial plate. 
Figs. 44 and 45 are two polar views taken from the same tetrad, in 
which it is easy to count 24 chromosomes in each group. This 
is the best stage in the formation of the pollen grain for counting 
the number of chromosomes, for they are not so crowded together. 
The difference in size of the chromosomes is easily seen. In fig. 44 
the large chromosome (L) and the small one {ni) are evident; while 
in fig. 45 only the large one is present. It is easy to conclude that 
they are not pairmates. 

lypical side views of the metaphase stage are represented in 
figs. 46-49. It was fortunate, after examining many tetrads, to 
get these four nuclei in division and W'ith proper orientation, so 
that I was able to trace and identify the large (L) and small {m) 
chromosomes. Judging from the presence of these two types of 
chromosomes, it is evident that figs. 46 and 47 are from the one 
nucleus, and figs. 48 and 49 from the other. From the metaphase 
the chromosomes pass to their respective poles in the usual way. 
Late anaphase is shown in figs. 50 and 51. Both nuclei are from 
the same tetrad. In fig. 50 the giant (L) chromosome is indicated, 
while in fig. 51 both the large {L) and small im) one can be iden¬ 
tified. Closely following this figure is the stage shown in fig. 52, 
with the appearance of the nuclear membrane, the resolution of the 
chromosomes in the usual fashion, and the beginning of the forma¬ 
tion of the temporary wall between the generative cell and tube 
cell. A more advanced stage is shown in fig, 53, in w^hich the thick 
wall {w) of the pollen, the generative cell {g), and the tube nucleus 
ipn) are passing into the resting stage. The spindle fibers remain 
until this stage but soon resolve themselves into reticulate cy¬ 
toplasm. 
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Chromosomes of male and female sporophytes 

A careful examination of the chromosomes of the male and female 
sporophytes showed that there are 48 somatic chromosomes in each 
of their dividing cells in the meristematic tissue. On account of 
the great number of chromosomes it was difficult to count them, and 
to get a proper orientation for the examination of their differences 
in size. After examining a number of the root and branch tips, 
however, I found that in most cases there were 48 somatic chromo¬ 
somes in both male and female. In some instances the numbers 
46 and 47 were met, but I accounted for this variation by their 
frequent overlapping. Moreover, since 48 is double the number of 
the bivalent chromosomes in the meiotic mitosis, I believe it is the 
exact number for the somatic chromosomes. 

In examining critically the size of the chromosomes of the male, 
among the 48 of them, two are extraordinarily large, exceeding in 
length and in width the other chromosomes, while one of them is 
very small. The latter is not always easy to find except where 
favorable orientation and good scattering of the chromosomes are 
obtained. Evidently, in the reduction division the two large 
chromosomes unite with each other, and the small one unites 
with a chromosome of about the same size as the rest, and thus the 
unequal pair is formed. Fig. 54 represents a typical group of 
somatic chromosomes from a branch tip of the male sporophyte. 
On the other hand, in the female sporophyte, in most of the cases, 
out of the 48 chromosomes two of them are as large as those found 
in the male sporophyte, and the rest have approximately the same 
size (figs. 55, 56). Fig. 55 is taken from a section of a very young 
leaf near the tip of the branch, in which each of the large chromo¬ 
somes has divided into two halves; and fig. 56 is also taken from a 
branch tip, showing the two large chromosomes corresponding to 
those found in the male sporophyte. 

Relation of chromosomes to sex 

Elodea canadensis shows an extremely close agreement in the 
general history of the chromosome group, and especially in the 
behavior of the unequal pair and the giant chromosome with the con¬ 
dition found in E. gigantea. In the prophase of the somatic mi- 



I9241 


SANTOS--EWDEA 


365 


tosis of the male and female sporophytes, I found in both cases 
48 univalent chromosomes. In the male, out of the 48, two are 
extraordinarily large, exceeding the other chromosomes both in 
length and width, and one is very small (fig. 54). In the female 
plant there are two large chromosomes, corresponding in size with 
those in the male, and 46 chromosomes approximately alike (figs. 55, 
56). On the other hand, in the maturation division of the male, I 
found 24 bivalent chromosomes, which is evidently half of the 
number in the somatic. Out of these 24, one exceeds the other 
chromosomes in length and width, and another is characteristic 
because of the unequal length of its component elements. It is 
clear that the two large chromosomes of the somatic nuclei have 
united, and the small one has paired with a chromosome of about 
the same size as the chromosomes, to which the tenn autosome is 
applied, resulting in an uneven pair. These separate from each 
other in the first division, in which one of the daughter nuclei 
receives one giant chromosome, the larger member of the unequal 
pair, and 22 autosomes; while the other daughter nucleus receives 
one giant chromosome and a very small one (from the unequal pair), 
and 22 autosomes. In the second maturation division each chromo¬ 
some of the daughter nuclei divides equally, and thus two of the 
four resulting daughter nuclei receive one giant and one small 
chromosome and 22 autosomes; while the other two receive one 
giant chromosome, the larger member of the unequal pair, and 22 
autosomes. It is evident, therefore, that there is an unequal dis¬ 
tribution of chromatin as in the other species of Elodea. This 
unequal distribution of the chromatin affects in some way the size 
of the resulting four nuclei during their early stages. Two of them 
are slightly smaller than the other two, and by re-examining the 
slides of E. gigantea I found the same differences, and they do not, 
as stated in my previous paper (38), look alike. The resulting 
pollen grains show also slight differences in size, two of them being 
smaller than the other two, as previously demonstrated. 

The presence of the unequal pair in the meiotic division, and 
the small chromosome in somatic mitosis in the male sporophyte, 
show that the unequal pair has a direct bearing upon the determina¬ 
tion of sex. The behavior of the two members of the unequal 
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pair agrees remarkably with that of the Y and X chromosomes in 
Drosophila (Stevens 43, Morgan 32, Metz 30, and others); 
the heterochromosomes or idiochromosomes in Lygaeus (Wilson 
48, 49); Euschistus (Montgomery 31); and other insects. It also 
agrees with the A” and Y chromosomes found in Sphaerocarpus, a 
dioecious bryophyte, by Allen (i). In view of this similarity, 
undoubtedly the chromosomes in the unequal pair bear sex char¬ 
acters, as in the insects and Sphaerocarpus. For this reason the 
small chromosome is marked w, indicating its male character, and 
its mate /, indicating its female character. The large, or giant, 
chromosome is marked L. This giant chromosome may have sorhe 
special function in heredity, but so far as my observ^ations are con¬ 
cerned, it behaves like an ordinary^ autosome. 

Discussion 

In regard to the question of sex determination in Elodea and its 
relation to the accumulated evidences found in animals as well as in 
plants, I have very little to add to what was given in my previous 
paper. The unequal pair evidently plays a very important r 61 e in 
the distribution of the chromatin to the four microspores. This un¬ 
equal distribution of chromatin to the microspores is doubtless re¬ 
sponsible for the I: i ratio of the sex distribution in plants, as has 
been observed in animals. Wilson (48,49), however, believes these 
quantitative differences cannot always be considered as primary 
sex determining factors, lor he found that such a view is inappli¬ 
cable to cases like N czar a, Oncopeltus, or Metapodius. In most of 
the cases studied in animals, however, the unequal distribution of 
the chromatin prevails. So, in the case of ElodcOj I firmly believe 
that the m and / chromosomes function in the determination of sex. 

In my previous paper I have quoted the five classes of the much 
studied cases in animals published by Wilson (48, 49), in his 
comparative review of the types of sexual differences of the chromo¬ 
some groups. In his classification, despite the apparent diversity 
of the types, all are in accord with the principle that the spermatozoa 
are of two kinds, equal in number, respectively male producing 
and female producing. The case of Elodea^ as already indicated, 
agrees remarkably with those in the second group, and at the same 
time it is in accord with the principle. 
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The question of experimental evidences in sex determination in 
plants has been discussed in my previous paper, which emi)hasized 
the work of the Marchals (28, 29) on mosses; Douin (14) and 
Allen (i) on Sphaerocarpus; Correns (9) on Bryonia dioica and 
B. alba; Noll (34) on Cannabis; Strasburger (45) on Mercurialis 
annua and Melandrium album; and others. In all these investiga¬ 
tions it was found that the sex ratio is about i: r, or half male and 
half female. By changing the external conditions, they claim that 
they were not able to change that ratio. 

The monoecious i)lants are quite abundant in the plant world, 
but the dioecious ones are also many. The important question 
is whether the dioecious jilants have been derived from the monoeci¬ 
ous ones. Lately some strong evidences that the dioecious plants 
have been derived from the monoecious plants have been published. 
Strasburger (45), in a general discussion of his investigations on 
Elodea, Mercurialis, and other plants, has summarized the situation 
in plants, the report being well translated by Sharp (42). In my 
previous paper I have given Allen’s and Sharp’s \Tews in regard to 
the separation of sex factors in dioecious seed plants; and also 
Collin’s (6, 7) results in his experiments on Fimaria hygromctricay 
a dioecious moss, from which he was able to firoducc a monoecious 
plant. 

Important results have come to light in the last few years, 
bearing upon the problem of experimental alteration of the sex 
ratio. Although we know that in most animals the sex ratio 
runs approximately 1:1, occasionally some deviations have been 
observed, which have led to some experimentation. Among 
the important results obtained in animals are those of Hertwig 
(19, 20) and Kuschakewiscii (25). Under normal condition the 
eggs of a frog give rise to male and female individuals in equal 
numbers; but by allowing the eggs, before fertilization, to take up 
an abnormal amount of water, the number of males was con¬ 
siderably increased, sometimes even to 100 per cent. On the other 
hand. Miss King (21, 22, 23, 24), by lowering the water content of 
toad eggs, was able to increase the proportion of females. Similar 
results have been obtained with Dinophilus (Malsen 27) and 
Hydatina senta (Whitney 46, 47). 
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In plants a number of experiments of similar nature have given 
more or less similar results. According to Sharp (42), however, 
these are less conclusive than those in animals, for the reason that 
most of the experiments have been carried out with angiosperras, 
in which intersexes are common. Among the plants that have 
been worked out, and that showed intersexes, may be cited 
the following: Cannabis saliva (Pritchard 36); Myrica Gale 
(Davey and Gibson ii); Arisaema dracontium (Schaffner 41); 
Cannabis saliva, Salix amygdaloUes, and Morns alba (Schaffner 
39, 40) ; Planlago lanceolala (Bartlett 3 ; Correns 9); Mercurialis 
annua (Yampolsky 51,52). So far as Elodea is concerned, only one 
case, reported by Hitchcock, showed stamens and carpel in the 
same flower. 

In view of the evidences obtained by the morphologists and 
physiologists, two theories have been proposed, both with strong 
supporters. One theory claims that sex is determined and con¬ 
trolled by the presence of the accessory or heterochromosomes; 
while the other claims that sex is determined and controlled by the 
environmental factors. It is interesting to notice, however, that 
those who belong to the morphological side confine their studies 
practically to that side; and that those who take the physiological 
view, pay little or no attention to internal structure. I agree with 
the statement of Professor Sharp (42) in his discussion of sex, that 
^Ht is beyond question^ that the two manifestations of sexual 
differentiation, the physiological and the morphological, are both 
of importance and cannot entirely be irreconcilable: our task is to 
determine their relative significance and to discover the nature and 
degree of their mutual independence.” Any experimental studies 
should be accompanied with a critical cytological investigation. 
The effect of the environmental condition should not be looked upon 
from the external character of the individual only, but also in its 
effect upon the structure of the cell. One apparently may get some 
changes in form, but in reality the changes may be produced by 
changes in the chromatin. 
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Summary 

1. The resting nucleus of Elodea canadensis consists of a chro¬ 
matin network or mesh with chromatin beacllike structures in the 
intersections of the chromatin threads. 

2. Before synizcsis there is a parallelism of the threads and 
beads. As the nucleus is in progress of enlargement, the reticulum 
loses its reticular character, and the pairing of the threads becomes 
more distinct. 

3. The first indication that synizesis is about to take place is the 
appearance of a clear space on one or two sides of the nucleus, the 
thickening of the chromatin threads, and the enlargement of the chro¬ 
matin nodes. 

4. The phenomenon known as synizesis consists in the rapid 
growth of the nucleus and especially in the contraction of the 
nuclear contents into a more or less compact mass, which may or 
may not include the nucleolus. This stage lasts for a long period. 

5. After synizesis the knot loosens its structure, and the closely 
doubled threads (spireme) begin to extend gradually throughout 
the nuclear cavity until it is more or less uniformly distributed. 

6. After the distribution of the spireme in the nuclear cavity, 
loops are formed, after which the spireme passes into the second 
contraction, and then gradually becomes segmented. 

7. The two ends of each of the loops, as they emerge from the 
second contraction, approach each other and sometimes twist 
about each other. These consist of two univalent chromosomes, 
arranged end to end. The univalent chromosomes in Elodea, 
therefore, are arranged telosynaptically. 

8. As the 24 bivalent chromosomes emerge from the second 
contraction, they undergo a considerable condensation, until they 
acquire a more or less definite form. At this stage occasionally the 
m and / chromosomes are evident. 

9. The nucleolus and the nuclear membrane disappear simul¬ 
taneously, while the bivalent chromosomes are drawn to the equa¬ 
torial plate and the spindles appear almost at the same time. 
Each of the bivalent chromosomes is attached to the spindle by one 
end, and the two constituent elements mo\^e apart. The giant 
chromosome splits lengthwise and forms two large daughter chromo- 
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somes; while the m and / constituents of the unequal pair separate 
from each other. The m chromosome goes to one pole, while the 
/ chromosome passes to the other. 

10. As the daughter chromosomes move toward the poles, they 
become F-shaped, with the apex attached to the spindle. The 
longitudinal split of the daughter chromosomes preparatory to the 
homotypic mitosis appears as they come very close to the poles. 

11. The daughter nuclei resulting from the heterotypic division 
do not pass into a true resting stage, not reaching a true reticulum, 
but soon reorganize for the homotypic mitosis. As the nuclear 
membranes and the nucleolus disappear, the two homotypic spindles 
appear simultaneously. The univalent chromosomes arrange them¬ 
selves in the equatorial plates and split equally lengthwise. 

12. In the second division all the daughter chromosomes divide 
equally, so that two of the four resulting grand-daughter nuclei 
have received an equal share of the m chromosome, while the 
other two have received an equal share of the / chromosome from the 
unequal pair. The two that received the halves of the m chromo¬ 
some have less chromatin than the two that received the halves of 
the / chromosome. Moreover, the two of the four resulting micro¬ 
spores that received the smaller amount of chromatin are slightly 
smaller than the two that received the larger amount. 

13. The dual character of the univalent chromosomes becomes 
distinct from late anaphase to telophase. The fission between 
the two halves of the chromosomes becomes more evident as the 
nucleus proceeds to the resting stage. 

14. Before the resting stage, a row of vacuoles appears along 
the fission of the chromosomes and splits them into halves or threads. 
As the nucleus enlarges, these are stretched and uniformly dis¬ 
tributed in the nuclear cavity, in the form of a network or mesh, 
which becomes beaded. 

15. At the resting stage the nuclear contents consist of a fine 
network of chromatin threads with chromatin enlargements in the 
intersections of the threads. 

16. Soon after a short period of rest, the reticular character of 
the nucleus becomes disarranged. The chromatin threads with 
the chromatin nodes are brought together in parallel pairs, until 
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the spireme is well organized. This becomes thicker and irregular 
in diameter, and finally is segmented into 24 univalent chromosomes. 

17. At the metaphase stage the giant L chromosomes, as well as 
the m chromosome, are easily seen. Each of the univalent chromo¬ 
somes splits equally lengthwise, and the halves of the chromosomes 
proceed to their respective poles in the usual manner. 

18. The somatic chromosomes of the male sporophyte are 48 
in number. Out of the 48 univalent chromosomes, tw^o are extraor¬ 
dinarily large, exceeding the other chromosomes in length and 
wddth; and one is very small. 

19. The female sporophyte contained the same number of 
chromosomes as the male sporophyte. There are also two large 
ones that correspond in size to the two large chromosomes in the 
male, but the rest are approximately alike. 

I wish to express my acknowledgment and gratitude to Professor 
Charles J. Chambert.aix for proposing the problem, and also for 
suggestions during the course of the investigation. 

University of Philippines 
Manila, P. I. 
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EXPLANATION OF PLATES XXIII-XXVII 

All figures drawn with aid of camera lucida, using a Zeiss 2 mm. N.A. 1.4 oil 
immersion objective and 18X eye-piece. 

PLATE XXIII 

Fig. 1.—Typical resting stage of nucleus of pollen mother cell. 

Fig. 2. —Older stage, showing chromatin threads gradually approaching 
each other side by side. 

Fig. 3. —^Beginning of prophase, in which in upper and low^er part can be 
seen a clear space between nuclear membrane and reticulum. 

Fig. 4.—^Median section of nucleus, indicating gradual withdrawal of 
reticulum from nuclear w^all, by contraction. 

Fig. 5. —More or less complete synizesis, in which nucleolus has not been 
included in balled-up chromatin network. 

Fig. 6,—Early stage of spireme, just emerging from synizesic ball. 

I'ig. 7.—^Later stage in loosening up of spireme, with thread much thicker 
and well defined, appearing as a homogeneous, single, and continuous filament. 

Fig. 8.—Complete hollow spireme wdth some loops beginning to form. 

Fig. g.—^More or less tangential section, indicating characteristic loops 
preparatory to second contraction. 

Figs. 10, ii.—Partial segmentation before .second contraction. 

Fig. 12.—Beginning of second contraction, in w^hich ends of loops are 
twisted about each other. 

PLATE XXIV 

Figs. 13, 14. —^Tw'o complete second contraction stages. 

Fig. 15.—^Bivalent chromosomes emerging from second contraction; shape 
of nucleus becoming ovoid or oblong. 

I^iGS. 16, 17.—Two successive diakinesis stages, showing about 24 bivalent 
chromosomes; L, large chromosome, and mf, unequal pair. 

Fig. 18.—^Median section, showing multipolar spindle emerging from 
nuclear wmII and radiating across nuclear cavity; spindle at this stage beaded. 

Fig. 19.—^Another stage similar to that in fig. 18, except that it represents 
a cross-section of nucleus. 

Fig. 20.—Spindle becoming bipolar and losing its beaded character, while 
bivalent chromosomes are moving toward equatorial plate. 

Fig. 21.—Oblique polar view, in which chromosomes are arranged in 
equatorial plate; L, giant chromosome, and mf, unequal pair. 

Fig. 22.—Complete side view of rather late metaphase, showing early 
separation of m and / chromosomes. 
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Fig. 23.—Early stage of anaphase or late metaphase, in which some of 
chromosomes are lagging, while m chromosome is distinctly ahead. 

PLATE XXV 

Fig. 24. —Typical side view of anaphase, showing most of daughter chromo¬ 
somes in F-shape, with apex of V attached to spindle. 

Fig. 25.—More advanced heterotypic anaphase: m chromosome not easily 
distinguished at this stage. 

Fig. 26. —^Early telophase, showdng univalent chromosome forming cluster, 
while nuclear membrane begins to appear. 

Fig. 27. —^Late telophase, indicating very irregular shape of daughter chro¬ 
mosomes apparently going to re.solve, but remaining more or less in this stage 
for a short period and not passing to true resting; wall between two daughter 
nuclei becoming distinct by thickening of middle part of spindle. 

Fig. 28.—Polar view of daughter chromosomes preparing for second 
division; even at this stage L and m chromosomes distinguishable. 

Fig. 29.—Side view of homotypic mitosis in metaphase stage; M chromo¬ 
some obviously dividing ahead of rest. 

Figs. 30, 31.—Two different views of homotypic anaphases; in fig. 30, 
peculiarity of m chromosome displayed again. 

Fig. 32.—Four young grand-daughter nuclei derived from single microspore 
mother cell lying in one plane; two decidedly smaller than other two; grand¬ 
daughter chromosomes resolving into resting condition. 

PLATE XXVI 

Fig. 33.—^^lore advanced stage of grand-daughter nuclei, in which all are 
in prophase; difference in size almost imperceptible. 

Figs. 34, 35.—I'wo stages of grand-daughter nuclei, showing vacuolization 
and splitting of chromosomes proceeding to resting stage. 

Fig. 36.—Typical median section of resting stage. 

Figs. 37, 38.—Two close stages, indicating parallelism of somatic chromatin 
threads. 

Fig. 39.—^More advanced, showing young spireme; double nature notice¬ 
able here and there. 

Fig. 40.—^Typical spireme, appearing single and uniform and coarsely 
beaded. 

Fig. 41. —Spireme contracting and thickening in preparation for segmenta¬ 
tion ; notice irregularity of diameter. 

Fig. 42. —Spireme segmenting into 24 univalent chromosomes. 

Fig. 43. —^Individual segment shortening and thickening. 

PLATE xxvii 

Figs. 44, 45. —Two typical polar views of univalent chromosomes in pro¬ 
phase, taken from same tetrad; one shows L and m chromosomes distinctly, 
while other shows only L chromosome. 
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Figs. 46-49.—Four nuclei in metaphase from same tetrad, in which two of 
them (48 and 49) show both L and m chromosomes, while other two show only 
L chromosome. 

Figs. 50, 51. —Two typical side views of anaphase, taken from same tetrad; 
one shows both L and m chromosomes, while other shows only L chromosome. 

Fig. 52.—Tube nucleus and generative cell in telophase. 

Fig. 53. —Tube nucleus proceeding to resting stage, generative cell about 
same stage, spindle resolving into cytoplasm, and thick wall of microspore. 

Fig. 54.—l^olar view of prophase stage from stem tip of male si)orophyte, 
in which two L and m chromosomes well indicated. 

Fig. 55.“-Side view of anaphase stage from very young leaf in branch tip 
of female sporophyte; two L chromosomes noticeable. 

Fig. 56. —^'J'ypical chromosome group in prophase, taken from branch tip 
of female sporophyte, in which two L chromosomes are shown. 
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PROTEIN SYNTHESIS BY PLANIS 
I. NITRATE REDUCTION^ 

Sophia H. Eckerson 

Introduction 

Many workers have studied protein synthesis and some progress 
has been made, but there are still so many gaps in our knowledge 
that it is impossible to form a clear idea of the process. There is 
considerable confusion and some contradictory evidence in the 
literature of the subject. lor instance, the effect of light has been 
a mooted question from the beginning. One says “Light is neces¬ 
sary’’; one “Light is not necessary”; and the next “Is light 
necessary ?” It may be that light is necessary for one of the stej^s 
but not for others; or it is possible that light, even though no.t 
necessary, may greatly influence the rate at some part of the 
process. It is hoped that by following the process step by step on 
the same kind of plants and with the same technique, it may be 
possible to clear up a few of the much discussed points and thereby 
add a little to our knowledge of the process as a whole. 

In this study of protein synthesis there are three distinct phases 
which will be considered: (i) reduction of nitrates; (2) synthesis 
of amino acids; and (3) linking together of amino acids. This 
paper deals with the first phase. 

Material and methods 

In a study of protein synthesis one must guard against the 
possibility of mistaking regenerated proteins for those newly 
synthesized, and amino acids from the hydrolysis of proteins for 
newly synthesized amino acids. Such a possibility of confusion is 
reduced to a minimum by the use of carbohydrate-high tomato 
plants, grown as described by Kraus and Kraybill (15), as 
experimental material. They state as follows: 

Plants grown with an abundant supply of nitrogen and then transferred 
and grown with a very low supply of available nitrogen are very weakly vegeta- 

*The work is being carried on at the University of Wisconsin, in cooperation 
with Professor E. J. Kraus. 
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tive and unfruitful. As compared with the vegetative plants, they are very 
much lower in moisture and total nitrogen and are lacking in nitrate nitrogen; 
they are much higher in total dry matter, free-reducing substances, sucrose, 
and polysaccharides. On supplying nitrate to the soil, such plants .... first 
began active growth at the stem tips. This was associated with a greening of 
the younger leaves and a very rapid disappearance of the starch grains from 
the pith cells of the stem, first near the tip and then progressively down the 
stem to its very base. 

It seems that such plants must have all the essential substances 
and conditions necessary for protein synthesis, except available 
nitrogen, since new growth begins immediately upon the addition, 
of nitrates. Any amino acids appearing in these low-protein plants 
soon after the addition of nitrates are almost certainly newly 
synthesized. This is to be differentiated from the increase in 
soluble nitrogen in carbohydrate-high plants in the dark (Night¬ 
ingale), and from the production of new shoots at the base of 
carbohydrate-high plants after the tops have been removed (15). 
Another advantage is that, since there is an abundance of carbohy¬ 
drates, the plants can be kept in darkness for several days without 
danger of sugar depletion. 

Tomato plants of the Bonny Best variety were grown in rich 
soil until about 8 inches high, then transferred to quartz sand 
and grown until typically carbohydrate-high in appearance. The 
stems were stiff, the younger leaves small, somewhat yellow, and 
growth at the tip had stop*ped. The older leaves frequently were 
purplish in color, due to the presence of anthocyanin. The plants 
were watered daily with city water, and in addition twice a week 
with dilute nutrient solution lacking nitrogen. 

A microchemical examination of these carbohydrate-high plants 
was made. Calcium nitrate was then supplied to the sand in five 
pots (ten plants) and the subsequent chemical changes followed 
closely by microscopic and microchemical examinations. Frequent 
examinations were made of both nitrogen-high (carbohydrate-low) 
and carbohydrate-high (nitrogen-low) plants for comparison. Two 
weeks later another lot of ten plants was given calcium nitrate. 
This was continued until there were several series, each at a different 
stage of vegetative growth. 
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Microchemical tests 

Nitrates. — i. Blue color with diphenylamine in sulphuric 
acid (o.i gm. diphenylamine dissolved in 10 cc. sulphuric acid, 
3 parts cone. H^S04^ water). 2. Crystallization as potas¬ 
sium nitrate in sections of the tissue in absolute alcohol on the slide. 
Identification by polarized light. 

Nitrites. — i. Red color with sulphanilic reagent (a, sulphanilic 
acid 0.5 gm., acetic acid (33%) 150 cc.; b, alphanaphthylamine 
O.I gm., distilled water 20 cc., acetic acid (33%) 150 cc.). Dissolve 
the alphanaphthylamine by warming in 20 cc. water. Combine 
solutions a and b and keep in a tightly stoppered bottle (Fred 13). 
2. Crystallization as silver nitrite. 

Ammonia. —i. Yellow color with Nessler’s reagent. 2. Crystal¬ 
lization as ammonium magnesium phosphate. 

Ph value. —The Clark and Lubs indicators made up according 
to directions given by Clark (10) for aqueous solutions of the 
alkali salts were used. 

Results 

Before addition of nitrates. —When the carbohydrate-high 
plants were ready for exiierimentation they contained an abundance 
of glucose, some fructose, and a little sucrose. In the stem pith 
and endodermal and cortical cells were filled with starch. In the 
leaves the parenchyma cells, even of the very youngest leaves, were 
packed with starch grains. The tissue gave no reaction for nitrates, 
nitrites, or ammonia. No amino adds could be detected. 

After addition of nitr. 4 tes. —Within twenty-four hours 
nitrates were present in all parts of the plants. The tops of a few 
plants gave a slight reaction for nitrites. There was no reaction 
for ammonia. 

Within thirt3^-six hours all the plants had considerable nitrite, 
strictly localized in the following regions: a, in the cortical cells at 
the tips of the stems; b, in the cortical cells of the petioles and near 
the veins of the younger leaves; c, in the stem (at the nodes), 
in the cortical cells near the phloem, and in the phloem parenchyma. 
In all these regions there was a trace of ammonia. Within forty- 
eight hours there was slightly less nitrite but more ammonia. 
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A few crystals of asparagin appeared on putting sections in absolute 
alcohol. At this time there was a slight but definite decrease in the 
amount of starch in the cortical cells at the tips of the plants and 
from the youngest leaves. Within three to five days there was 
very much less nitrite, a little ammonia, but a great increase in 
amino acids. Succinic acid and malic acid were now present, as 
well as the following amino acids: aspartic acid, asparagin, alanine, 
leucine, cystine, histidine, and at least two not yet identified. 
Simultaneously with this appearance of amino acids starch was 
disappearing and the chloroplasts of the younger leaves were 
becoming greener. Externally the plants showed signs of new 
growth at the tips. These and further developments are described 
fully by KitAUS and Kraybill (15). 

Within three days following such transfer (from no nitrogen to available 
nitrogen) the beginning of the disappearance of the starch grains from the center 
pith cells and cortical cells at the tips of the plants was very noticeable. Succes¬ 
sive examinations as growth progressed showed an active terminal elongation 
which contained no storage starch except in the starch sheath, an active 
development of secondary xylem in the older px)rtion of the stem, and a very 
rapid, progressive, and finally complete disappearance of the starch from the 
pith and xylem parenchyma and also the cortical cells even down to the bases 
of the stems, where it was the last to disappear. 

Beyond the first five to ten days after nitrates had been supplied 
there was only a little nitrite at any time. There were even occa¬ 
sional times when none could be detected in a few of the plants. 
Ammonia was always present in small amounts, from a trace to a 
little more. Amino adds apparently increased in amount up to 
about the third week. 

Pu VALUES."“The Pu values for the different tissues of tomato 
plants which had just been supplied with nitrates proved to be 
very interesting. In a cross-section of the stem the values were 
approximately: center pith cells 5.2”5.o, xylem cells 4.6-4.4, phloem 
parenchyma and inner cortical cells 7.2-7.6. In the younger 
leaves the values were approximately: xylem and adjacent paren¬ 
chyma cells and cortical cells 5.8-5.6, phloem parenchyma and 
nearby cortical cells 7.2 to 7.4 or 7.6; that is, the cells where starch 
was being hydrolized were slightly acid, while the cells where nitrate 
was being reduced were slightly alkaline. 
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Reduction of nitrates by plant extract 

Plant powder. —The leaves of nitrogen-high tomato plants 
were removed and kei)t separate from the stems, which were sepa¬ 
rated into nodes and internodes. These were cut into small pieces 
and ground fine in a meat grimier. Each lot was squeezed through 
folded cheesecloth, "lire juice was then treated with 30 per cent 
alcohol, filtered, and the filtrate precipitated with 95 per cent alcohol. 
The precipitate was taken up in water, again j^recipitated with 
95 per cent alcohol, then once more taken up in water and precipi¬ 
tated with 95 per cent alcohol. This final ]:>recipitate was dried 

TABLE I 

REDTICTrON Of NITRATES IN ALKALINE SOLUTION, ACCELERATED HV ADDITION OF 
PLANT POWDER; 10 CC, 2 PER CENT KNOj PLUS ( ARRoHYDRArE WITH OR WI'ITI- 
OUT NaHC()3 WITH OR WITHOUT 0.1 ('.M. LEAF POWDER PLUS TOLUOL; 20 HOURS 
IN DARKNESS AT 50” C. 


Carbohyilrati* | 

Widi or with 
out NujCOj 

! 

I’l, value 

Witli or without plant 

1 |xiv\(lrr 

Nitrite (mw. 
per too le.) 

1 

V CC. TO per cent 

1. acetaldehyde. 

Plus 

7,2 

1 ,eaf 

2.0 

2. acetaldelivdc. 

Alinus 

5-2 

1-eaf 

Tracc( ?) 

3. acetaldehyde. 

Plus 

7 • 2 

Leaf ! 

2-5 

4. acetaldehyde. 

Plus 

^, 2 

(boiled 2 minutes) 
Internodes 

2-5 

5, acetaldehyde. 

Plus 

7-2 

Nodes 

1.6 

6, acetaldehyde. 

7. fniclose. 

Plus 

Plus 

7 • 2 

7 • 2 

Alinus 

l.eaf 

0.7 

1.6 

S. glucose. 

Plus 

7 • 2 

Leaf 

1.0 

g. acetaldehyde. 

Plus 

7-2 

1 gm. leaf 

5-0 


on the filter jmper, then the dry snow-while powder was scraped 
off and kept in stoppered vials, in darkness. 

It was found that small amounts of this pluni powder accelerated 
the rate of reduction when added to an alkaline solution containing 
nitrates and some easily oxidizable carbohydrate. There was very 
little or no reduction in acid solution. The results given in table I 
are typical. In the series the amount of plant powder used in each 
case was o.i gm. for lo cc. potassium nitrate. If this amount was 
increased the rate of reduction increased, but not in proportion, as 
shown in 9 at the foot of the table. 

Many series of experiments were made to determine the most 
favorable hydrogen-ion concentration. One of the later series is 
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given in table II. It will be more profitable to discuss these results 
after the presentation of data concerning experiments with plant 
juice. 

Plant juice.— The juice of nitrogen-high and of carbohydrate- 
high tomato plants was extracted by grinding up the tissues and 
squeezing through folded cheesecloth. Toluol was added at once 
to prevent bacterial action. 

This fresh juice had an exceedingly high reducing activity. 
The juice from nitrogen-high plants contained an abundance of 
both nitrates and sugars. It was only necessary, therefore, to reduce 
the hydrogen-ion concentration (Ph 6.4) to approximately Ph 7.6 
and reduction began at once. The carbohydrate-high plants 

TABLE II 


Effect of hydkogen-ion concentration on reduction of nitrates; 10 cc. 
2 PER cent KNO3, carbohydrate, N/io NaOH, and 0.1 cm. leaf 
POWDER WITH toluol; IN DARKNESS AT 50® C. 


Carbohydrate 

N/10 NaOH 
(cc.) 

Ph value 

Nitrite 

(mg. i)er loo cc.) 
24 hours 

Nitrite 

(mg. per loo cc.) 
36 hours 

I CC. 10 per cent 

1. acetaldehyde. 

0.6 

7 . 0 * 

l.o 

1-5 

2. acetaldehyde. 

0.75 

8.4* 

3.3 

7-5 

3. acetaldehyde. 

0.8 

9-2 

1.8 

I.O 

4. o.i gm. fnictose. 

0. 2 

8.4* 

6.5 

10.0 

5. 0.1 gm. fructose. 

0-3 

9.2 

2.5 

2.0 


* At the end of 36 hours the Pjj vuMe of i was 6.8; of 2, 7.6; and of 4, 7.4. 


contained an abundance of sugar but no nitrate. The juice of such 
plants gave no reaction for nitrites until after nitrate had been 
added and the whole made slightly alkaline. At a Ph value of 7.6 
the reducing activity was even greater than that of the juice from 
nitrogen-high plants. Table III shows the rate of reduction at 
So'^C. 

Boiling the juice considerably increased the acidity. Such 
acid juice reduced nitrates to nitrites only to a very slight extent, 
or not at all. In every case when the hydrogen-ion concentration 
was decreased to a Ph value of approximately 7.6, however, the 
reducing activity was as great as before heating. The longer the 
juice was boiled the more acid it became, and, naturally, the more 
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sodium was required to bring it to the Ph value 7.6. This is shown 
in table IV. 

Hydrogen-ion concentration. —The most favorable Ph value 
for reduction of nitrates by plant juice was approximately 7.6. 
This value was maintained nearly constant (/i.6-y.4) throughout 

TABLE III 


Reduction of nitrates by juice of nttrogen-hkiu (N-|-) and carbo-hydrate- 
high (C-f) tomato plants; in darkness at 50® C\; 

'rOLUOL ADDED IN ALL CASES 


Plant juice 

NVjoNaOH 
I JiR 10 CC. 

VALCE 

-. 

Niti 

(MO, EUR 

3 hours 

IITE 

100 cc.) 

20 hours 

Ammonia 

20 HOURS 

I. 20 CC. N-f. 

0.5 

7.6 

2-5 

50.0 

Trace 

2. 20 CC. N-f. 

0.0 

6.4 

1.0 

.vO 

None 

3. 10 CC. C-f. 

0.2 

7.6 

0.0 

Trace ? 

None 

4. 10 CC. C-f and 10 cc. 2 per 






cent KNO3. 

0.3 

7.6 

3 • 3 

40.0 

Trace* 

5. 10 cc. C'-f and 10 cc. 4 jier 





cent KNOt. 

0.4 

7 • ^ 

3-3 

60.0 

Trace 

6. 10 cc. C-f boiled 10 minutes 





and 10 cc. 4 per cent KNO3 

0.0 

30 

0.0 

00.00 

None 

7. 10 cc. ("-f boiled 10 minutes 






and 10 cc. 4 per cent KNO3 

1 

1.2 

7.6 

5-0 

50.0 

Some 


TABLE IV 


Increase of acidity of tomato plant juice on heating; 
10 CC. CARBOHYDRATE-HIGU (C-f) JUKE, boiled, and 
N/io NaOII to bring to Ph 7.6 


C-f iuice boiled (miriutes) 

N/10 NaOH per 

10 cc. 

Pjj value 

I. 0.0 . 

0. 20 

7.6 

2. 0.5 . 

0.30 

7.6 

3. 2.0. 

0.75 

7.6 

4. 5-0 . 

o.go 

7.6 

5. 10.0. 

1,20 

7.6 

6. 15.0. 

1.50 

7.6 


the experiment, probably owing to the presence in the juice of 
inorganic salts which acted as buffers. On the other hand, solutions 
of the plant powder containing little inorganic salt quickly became 
more acid on oxidation of the aldehyde or sugars. When the 
Ph value at the start was 7.6, in a short time it was 7.2 or 7.0 when 
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reduction was greatly decreased. The greatest reduction, however, 
was obtained when the value at the start was 8.4 and at the end 
of 20 hours 7.6-7.4. It seems, therefore, that the most favorable 
Pu value for reduction of nitrates by plant powder as well as by 
plant juice must be near 7.6. It will be remembered that the Ph 
value of the cells of the living plant when reduction of nitrates 
was taking place was usually 7.4 to 7.6, although occasionally 
7.2 or 7.8. 

Light. —In all of the earlier experiments check series were run 
in both light and darkness. I was never able to detect any influence 
of light on either the rate or the amount of reduction of nitrates 
by plant extract (powder or juice). In the living plant there is 
reduction of nitrates in darkness, and for the first two or three 
days, seemingly at about the same rate as in light. After that 
diflerences appear, the exact nature of which is not yet clear. 
This is being studied further in connection with amino acid synthesis. 

Oxygen. - It was early found that any shutting out of air from 
the surface of the reacting solutions greatly decreased the amount 
of reduction, indicating that some free oxygen is required. In all 
of the experiments described in this paper the reacting solutions 
were in 50 cc. flasks, thus allowing free access of air to the relatively 
large surface. 

Plant powder. - Since the activity of the plant juice far 
exceeded that of the plant powder, much must have been lost 
somewhere in the jjrocess of preparing the powder. It was found 
to be in the final precipitation with 95 per cent alcohol. An attempt 
was made to prepare a more active powder by eliminating this step. 
Carbohydrate-high tomato plant juice was squeezed through four¬ 
fold cheesecloth, precipitated with 30 per cent alcohol, and filtered. 
After evaporation of the alcohol this filtrate was highly active. It 
was evaporated to dryness in lo cc. lots at 50° C., and the reducing 
activity tested. It is not known how long this dry material would 
retain its activity. There was no loss at the end of five days, 
when the last lot was tested. A single experiment will suffice to 
show the activity: C+ juice after precipitation with 30 per cent 
alcohol. Ten cc. filtrate evaporated to dryness at 50^^ C., taken up 
in 10 cc. water+0.2 gm. KNOa+o.i gm. fructose+0.6 cc. N/io 
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NaOH (to give P„ 7.6) in 20 hours at 50° C. gave 50.0 mg. nitrite 
per 100 cc. 

Discussion 

Reducases.- In 1886 Rey-Paiuiajje discovered an enzyme 
in yeast that reduces sulphur by adding hydrogen. This he 
named philothion. Later, Pozzi-Escot (19) found that philothion 
also reduces nitrates to nitrites. In ]qo2 Schakdinger (20) found 
an enzyme in fresh milk which reduces methylene blue to its 
leucobase. Later, Hac:h (2) found that the Schardinger enzyme 
also greatly accelerated the reduction of nitrates to nitrites by an 
aldehyde. Bach (3) also found that an enzyme could be extracted 
from calf liver wluch accelerates the reduction of nitrates in the 
presence of acetaldehyde. So far as T have been able to find, 
there arc only three workers who luive made a study of the reduction 
of nitrates by reducases obtained from plants: Pozzi-Escot (19) 
from burdock stems; Kastle and Elvove (14) from potato tubers 
and etiolated sprouts, and egg plant fruit; and Bach (5) from potato 
tubers. Baly, Heilbkon, and Hudson (6), and Baly, Heilbron, 
and Stern (7) have studied the reduction of nitrates and the 
simultaneous oxidation of formaldehyde in ultra violet light. 
Although these Baly papers are valuable, they should be read with 
caution, as they contain much that is purely hy])othetical. Finally, 
there is a series of papers by Baudisch (8, 9) on the reduction of 
nitrates in the presence of glucose and traces of iron. 

Reaction of medium. —The reaction of plant extracts depends 
largely upon the plant, but also upon the method of extraction and 
subsequent treatment. The Ph value of nitrogen-high tomato 
plant juice immediately after being .squeezed through cheesecloth 
was 6.4, after filtration through asbestos 6.0, after precipitation with 
30 per cent alcohol 5.8. To bring all to the same P„ value different 
amounts of hydroxide or of carbonate must be added. In prc\dous 
work no exact determination of the acidity or alkalinity of the plant 
extracts was made. For this reason it is difficult to inter];)ret some 
of the data. Pozzi-Escot (19) found that the solution of the yeast 
enzyme (philothion) had a slight acid reaction. The addition of 
traces of alkali gave a very active solution. The '‘addition of any 
considerable amount of a mineral acid or a strong organic acid 
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(acetic) acts as a strong paralyzer.” Of the salts, “the most 
energetic paralyzers are those with an acid reaction.’’ This indi¬ 
cates that this reducase is most active in a slightly alkaline solution, 
which agrees with the present work with tomato reducase. Kastle 
and Elvove (14), working with unfiltered potato extract, state that 
probably a slightly acid medium is best, as when sodium hydroxide 
or lime water are added “to neutralize” there is no reduction. 
They used i cc. N/io NaOH to 10 cc. potato extract, and 2 cc. of 
50 per cent KNO3. Unless the potato extract was more acid than 
tomato plant juice, this would seem to be too much alkali. Bach 
(3) states that the addition of sodium bicarbonate (i gni. to 100 cc.) 
had no effect on the reduction of nitrates in the system, that is, 
reducase (from calf liver or milk) plus NaN03 plus acetaldehyde. 
Bach apparently was working with neutral solutions, as twice in 
the process of extracting reducase from calf liver he treated with 
sodium bicarbonate, then neutralized with acetic acid. 

Without exception, every one who has studied the reducing 
enzymes states that heating (90-100® C.) for 3-5 minutes destroys 
the activity. Heating plant juice increases the acidity. Tomato 
plant extract was as active in reducing nitrates after boiling as 
before, provided the solution was made slightly alkaline. 

Pozzi-Escot compared catalase with philothion, and found 
them similar in several characteristics. Both have the ability to 
split off oxygen from hydrogen peroxide and both reduce nitrates. 
He concludes that catalase is a reducase. It has been shown 
(i, II, 16) that catalase is more active, in splitting off oxygen from 
hydrogen peroxide, in an alkaline solution. 

Oxidations and reductions go on at the same time. If one sub¬ 
stance is reduced another must be oxidized. Dakin (12) considers 
that “reductions and oxidations are two expressions of one process, 
dehydration.” He prefers the term dehydrase to reducase. For 
the process of reduction, and accompanying oxidation, some easily 
oxidizable substance is necessary, also free oxygen. The early 
workers added an aldehyde to solutions containing nitrate and 
animal or plant extract. Bach (3) found that acetaldehyde was 
better than formaldehyde. Baly, Heilbron, and Hudson ( 6 ), 
in their work on the reduction of nitrates in ultra violet light, used 
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formaldehyde. They think that nitrates are reduced in the light 
by activated formaldehyde in green leaves. In their opinion newly 
synthesized formaldehyde is in a highly active state. 

This theory could scarcely be considered in the case of 
carbohydrate-high tomato plants. Here it is the excess stored 
carbohydrates that is used up rapidly when nitrates are present. 
Fructose and glucose are oxidized, some perhaps in increased 
respiration, but much of them to fonn amino acids. As rapidly as 
fructose and glucose are used, more starch is hydrolyzed. In the 
experiments with tomato plant powder, therefore, the effectiveness 
of fructose and glucose was tested in comparison with acetaldehyde. 
In the early experiments, where the reaction was about neutral, 
the order according to the amount of nitrite produced was acetalde¬ 
hyde > fructose > glucose, but at a Pu value of 8.4-7.6 the order 
was fructose> glucose> acetaldehyde. Baudisch (9) found glucose 
effective in the reduction of nitrites. He states that “the smallest 
trace of an iron salt is sufficient to reduce a large amount of nitrite 
on warming with glucose in weakly alkaline solution.” That 
oxygen also is necessary has been shown by several workers. Dakin 
states that methylene blue could not be decolorized by the dehydrase 
(reducase) of milk in an atmosphere of hydrogen. Baudisch 
“found that ferrous bicarbonate, or hydroxide, in the absence of 
oxygen even at the temperature of boiling w^ater does not attack 
alkali nitrates to the slightest extent; the presence of oxygen, 
however, brings about immediate reduction to nitrite, and there is 
a direct relation between the amount of oxygen dissolved in the 
water and the amount of nitrite formed.” There was no reduction 
of nitrates by tomato plant extract if the solution was in small 
vessels filled, for the exclusion of air, and stoppered. 

Baly and associates find that in their experiments reduction 
of nitrates takes place only in ultra violet light, but they think 
light is necessary only to activate the formaldehyde, that the 
reduction itself is not a photochemical process. Baudisch (9) 
found that “in the case of cholera bacteria the reduction proceeds 
just as rapidly in the dark as it does in the light.” Here he found 
the reduction of nitrates to nitrites is in direct relation to the oxygen 
respiration of the bacteria and to their iron content. The rate of 
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reduction of nitrates by tomato plant extract in darkness was the 
same as in light. There was reduction of nitrates by tomato plants 
in darkness, and for the first two or three days, at least, it seemed 
to go on at about the same rate as in the light. 

From the foregoing results there seems but little question that 
there is in tomato plants an active substance which, on being added 
to an alkaline solution of potassium nitrate containing fructose or 
glucose, causes rapid reduction of nitrates to nitrites, and a slower 
reduction of nitrites to ammonia. The nature of this substance 
is not known. Is it an enzyme of organic nature, or is it an inorganic 
substance? It is not impossible that it may be iron, and the 
chemical process may be that suggested by Baudisch (9). If it 
were iron, however, judging from the work of Neuuerg (17, 18) 
on the catalytic action of sunlight in the })resence of small amounts 
of iron com]>ounds and from my own work with light-sensitive 
seeds, I should expect an increased activity in light. It may be 
possible in the future to determine the nature of the active substance. 

Summary 

1. Reduction of nitrates to nitrites and ammonia was obtained 
by tomato plant extract in slightly alkaline solution in the presence 
of fructose or glucose and some free oxygen in darkness as well as 
in light. 

2. The reduction was fnost active in solutions having a Ph value 
of approximately 7.6. 

3. The expressed juice of nitrogen-high tomato plants (contain¬ 
ing both nitrates and sugar in abundance), after adding N/10 NaOH 
to bring to a Ph value 7.6, gave a very rapid reduction of nitrates 
to nitrites at 50° C. 

4. The expressed juice of carbohydrate-high tomato plants 
(containing much sugar but no nitrates), brought to Ph 7.6, gave 
no reaction for nitrites after 20 hours at 50® C. Upon addition of 
nitrates there was even more rapid reduction than by the nitrogen- 
high juice. 

5. Tomato plant juice boiled and brought to a Ph value 7.6 
reduced nitrates as rapidly as the unheated juice. 

6. The rate and amount of reduction of nitrates to nitrites by 
tomato plant extract were exactly the same in darkness as in light. 
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7. Probably the rate of reduction of nitrates to nitrites by 
carbohydrate-high tomato plants in darkness was the same as in 
light for the first few days. Then disturbing differences ai)peared 
which are not yet understood. 

8. In carbohydrate-high tomato plants the reduction of nitrates 
was localized in the follovcing regions: at the stem tip just behind 
the growing region; in the leaf cells, especially near the phloem and 
in the cortical cells of the i)elioles; in the stem, especially near the 
nodes, in the j)hloem parenchyma, and in cells in the cortex near 
the phloem. 

9. All these regions were slightly alkaline in reaction. The 
7)ith cells were acid. In the carl)ohydrate-high plants before nitrate 
was supplied there was less difference. The pith cells were slightly 
acid while the phloem parenchyma was about neutral in reaction. 

10. Amino acids (newly synthesized) appeared at the nodes 
and in ])etioles and blades of young leaves and just behind the atem 
tips of carbohydrate-high tomato plants three or four days after 
nitrate had been suj^plied to the soil. The amino acids were 
aspartic acid, asparagin, alanine, leucine, cystine, and histidine. 

Bcjyce Tiioaipson Institctk fok Plant Reskarcii 
VoXKFRS, N.Y. 
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femalp: gametophyte of microcycas 
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Lillian Grace Reynolds 
(with plates XXVIII, XXIX AND SIX FIGURES) 

Microcycas calocoma is an endemic genus with a single species, 
occurring in mountainous regions of Pinar del Rio in western C uba. 
It was first described by Miquel (14), w^hose description was 
amplified by de Candolle (9). In 1907 Caldwell and Baker (2) 
published the first adequate account, and a few months later 
C'aldwell (i) gave the first satisfactory description of the genus, 
and the first account of its life history. The name Microcycas 
proved to be a misnomer, for it is a tree, only two other genera of 
cycads having taller species. 

The material for this paper \vas collected by Professors 
Caldwell and Chamberlain during the years 1907-1911, but at 
different seasons. Professor Cilvmberlain collected still other 
material in 1914, and again in 1922. The sections from which 
the study was made were jirepared by Caldwell, Miss Pace, 
Yamanouchi, and myself. The earlier sections were stained in 
gentian violet, the others in Haidenhain’s iron-alum haematoxylin, 
and to those most recently made, gold orange was added to bring 
out the cell walls. I am under great obligation to Professor Cham¬ 
berlain for suggestions and criticisms during the progress of this 
investigation, and to P. J. Sedgwick for valuable assistance in the 
making of the photomicrographs. 

Development of endosperm 

Young gametophyte.— The youngest stage found in the devel¬ 
opment of the female gametophyte of Microcycas shows free nuclear 
division in the megaspore (fig. 7). The material, although fixed 
in August, is not young enough to show the megaspore mother cell 
or the megaspores. The ovules are about 2 mm. long (fig. 8), and 
the gametophyte within is about half that length. The gameto- 
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phyles of this size vary somewhat in the number of free nuclei, 
the lowest number noted being 64, the next 256, all in early ana¬ 
phase, but not suitable for counting the individual chromosomes; 
while in the gametophyte in the other ovule on this same sporophyll 
there has been one more mitosis, so that the number theoretically 
is 512. In another ovule of the same date, there has been one more 
division, so that the theoretical number of nuclei is 1024, but at 
this stage some of the nuclei are almost sure not to divide, so that 
the theoretical number is seldom or never reached. Considering 
the size of the gametophyte, there are probably no more nuclear 
divisions before the walls come in. 

The early stages in wall formation, showing the first walls of 
the gametophyte striking in toward the center, might have been 
found in September ovules had they been available. The gameto¬ 
phyte in early October is about 3 mm. long, and shows that the 
peripheral nuclei are completely inclosed within walls. The 
gametophytes examined are badly shrunken, probably on account 
of the killing agent, and it is difficult to determine whether the 
nuclei in the center are free, or whether their walls are so delicate 
that they cannot be identified. In material dating from the middle 
of October to November, the female gametophyte is completely 
cellular (fig. 9). 

Mature gametophyte. —From about November 22 to early 
December, the archegonial initials appear. In Chamberlain's 
most recently collected material, the archegonial initials appeared 
in September, which is two months earlier than in ovules previously 
examined. This may be due to variance in the seasons of different 
years. The length of the ovule by this time is approximately i cm., 
and the length of the gametophyte 4-5 mm. Transverse sections 
show the cells arranged in regular rows converging toward the center 
(fig. ii). The peripheral cells are smaller than the interior cells, 
and are practically isodiametric. These peripheral cells arc the 
result of many transverse and vertical divisions of the original cell. 
Those that are nearest the original walls apparently do not divide 
as frequently, and often have less cytoplasm than those in the 
middle. From these last are differentiated the archegonial initials 

(fig-13)- 
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Although not evident in ovules before this date, there now 
appears a ^^median cleft” (Caldwell i), or “closure” (Miss 
Carothers 3), or suture. Cleft is an unfortunate term, since it 
implies the separation of jiarts once united, which is just the opposite 
of what is really the case. Closure is more apt, since it expresses 
the closing up of the central vacuole by the centripetal growth of 
the surrounding cells. Suture suits exactly the appearance of this 
median line as seen in stained sections. According to Webster’s 
dictionary a suture is “ the line or seam, formed by the union of two 
adjacent margins. ” Absolutely median sections of the mature game- 
tophyte show the cells arranged in rows converging toward this su¬ 
ture (fig. 15). If the sections are not median, only the cells bordering 
on the original cell walls of the gametophyte appear in radiating 
rows. The others, being cut obliquely and transversely, appear as 
irregular patches of round cells bounded by cells in regular rows 
(fig. 16). Also, there are cracks or clefts connecting this suture 
with the exterior. Hiese occur along the original walls, separating 
the progeny of one original cell from that of another. The extent 
of the progeny of each cell is visible on the surface of the gameto¬ 
phyte as a slight swelling, making the entire surface appear papillate. 

The young cells of the gametojdiyte are uninucleate. In a 
mature gametophyte there may occasionally occur cells containing 
two nuclei, due to the breaking down of the walls between the tw^o 
cells. 

As a rule, the number of chromosomes is twx'lve, the number 
found in all the cycads which have been investigated; however, in 
two cases fourteen chromosomes wxre counted. 

Nutrition of gametophyte 

Endosperm jacket. - Around the youngest gametophyte 
examined there was a layer of cells about four or more cells thick 
(fig. 8). These cells are smaller than the cells of the integument, 
but similar to those of the nucellus in size of cell and size of nucleus. 
In other gtimetophytes of about the same age, this layer of four 
cells is differentiated into a layer two cells thick of plump cells 
immediately surrounding the gametophyte, and a layer outside 
of that of flattened cells fitting loosely together. There is a sharp 
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line of demarcation between these latter and the cells of the nucellus. 
The inside layer of cells is to become the nutritive jacket of the 
gametophyte. These cells are large, flat, and full of cytoplasm 
in which arc imbedded large nuclei, nearly half the diameter of 
the cells. By October the walls are no longer thin, ha\ing thickened 
appreciably, while the cells themselves are still plump (fig. lo). 
The nutritive jacket cells around the gametophyte in November 
have very thick walls, on the inside of which are granules laid 
closely together (fig. 13). The nuclei are not so large in proportion 
to the size of the cell as in the preceding stages. In gametophytes 
a few days older, the cells of the jacket layer have become flattened, 
the walls are very thick, the granules are prominent, and the nuclei 
are much smaller. By the middle of December the nutritive jacket 
is practically all gone (fig. 17), only such vestiges as pieces of the* 
granular cell walls remaining. At this time, too, the cells of the 
nucellus immediately above the archegonia are gone, and those above 
these are represented only by their cell walls. 

Contribution from sporophyte.— The vascular bundles be¬ 
longing to the inner fleshy layer often branch just below its union 
with the nucellus, one strand continuing in the inner fleshy layer, 
and the other extending into the free portion of the nucellus, thus 
contributing directly to the nourishment of the gametophyte. 
Spiral elements in the bundle can be distinguished among the 
elongated, but as yet ipimodified procambial cells as early as the 
archegonial initial stage. In the mature seed, when the inner 
fleshy layer of the integument and the nucellus have become papery, 
these branches can be seen like frayed ends extending 1.5-2 mm. 
into the almost transparent nucellus. 

Megaspore membrane. —^Meanwhile the wall of the megaspore 
becomes much modified, and is a noticeable membrane adhering 
closely to the gametophyte. The diameter of the megaspore 
membrane is smallest during the free nuclear division of the gameto¬ 
phyte (fig. 7), when it is approximately 0,5 jw wide; and 3 ju wide 
(its greatest width) about three months later when the gametophyte 
has just become cellular (fig. 9). From this time the archegonia 
are developing very rapidly, and the strain of the expanding tissue 
stretches the membrane at the micropylar end until it measures 



REYNOLDS-^MICROCYCAS 


395 


1924I 

only 2.5 M during November (fig. 13), 1.5 ju during early December, 
and only i ix from the middle of December until the end of March, 
or just before fertilization. A measurement made of the membrane 
from the side of the gametophyte at this date is also i /i, as if the 
strain were not localized at the micropylar end, but felt all over. 
This is not inexplicable when the size of the mature gametophyte 
is considered. 

In one of the ovules dated October 31, two gametophytes had 
developed (fig. 12). The centripetal growth of cell walls was not 
yet complete. Although both are inclosed by a common nutri¬ 
tive jacket, each is surrounded by an entire megaspore membrane, 
indicating individual origins from two megaspores, the only case of 
this kind yet reported for cycads. 

Archegonia 

Distkibution. —In the young gametoi)hytc it is diflicult to 
determine which cells should be regarded as archegonial initials, 
because all over the surface of the gametophyte are groups of cells 
not more than three or four cells apart, each cell containing a large 
nucleus and an abundance of cytoplasm (fig. 14). That these all 
may be potential archegonia is shown by the fact that in the 
mature gametophyte as many as four, five, or six archegonial 
groups may be seen scattered on the surface, in addition to the large 
group at the microi)ylar end. Of these groups, however, the only 
one to progress so far as to have the ventral canal nucleus division 
occur in its archegonia is that group which is beneath the micropyle. 
The archegonia of the remaining groups begin to disorganize by 
the time the central cell has enlarged to three or four times its 
original size. 

Not only are some archegonia scattered over the surface of the 
gametophyte, but occasionally they develop entirely inside, in 
groups or isolated. Generally they are at a considerable distance 
from the micropylar group, but do occur within this group itself, 
although at right angles to the other archegonia. In such arche¬ 
gonia as have been examined, the large central cell nucleus is imbed¬ 
ded in comparatively dense cytoplasm at one end, while the other 
end is very vacuolate, as in ordinary archegonia. The neck cells 
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were indistinguishable from the other cells of the gametophyte. 
That any of these archegonia definitely open on to sinuses seems 
improbable, but this could not positively be ascertained. 

It would seem that the nourishment of the gametophyte might 
be one of the factors, or might be the particular factor, influencing 
the localization of the best developed archegonia at the micropylar 
end of the gametophyte. Not much food enters the gametophyte 
from the basal end of the ovule. The vascular bundles entering 
the inner fleshy layer branch very freely, and practically all of these 
branches terminate near the micropylar end of the gametophyte, 
so that this vascular system contributes more nourishment to this 
end of the gametophyte than to the basal. Then, also, the contents 
of the cells liberated by the formation and subsequent enlargement 
of the pollen chamber in the nucellus are probably absorbed, just 
as the cell contents are absorbed from the gametophyte jacket 
cells. Since this takes place at the micropylar end, there would be 
an increase in the food supply at this end of the gametophyte, 
thereby promoting the more rapid development of the archegonia 
here, and retarding and finally eliminating the archegonia scattered 
elsewhere. 

Development. —The first stage in the development of the 
archegonium is the differentiation of the archegonium initial from 
the other cells of the gametophyte. At first the initial is simply 
a cell better stocked with food and with a larger nucleus than the 
neighboring cells (fig. i); then a vacuole appears below the nucleus 
and enlarges as the cell enlarges, the nucleus remaining at the top 
(fig. 2). The cytoplasm is likely now to look rather scanty in 
comparison with the size of the cell, because the increase in the mass 
of the cytoplasm does not keep pace with the increase in the size 
of the cell. The nucleus then divides to form the central cell and 
the primary neck cell (fig. 3), which probably divides almost 
immediately to form the two-celled neck (fig. 4). Within the next 
week the central cell enlarges immensely, becoming very vacuolate 
in the process (fig. 5). In early December, when the gametophyte 
is about I cm. in length, the archegonium is about twenty-four 
times the length of the original initial. A month later the vacuoles 
in the cytoplasm vary in size from very large ones in the basal end 
of the archegonium to very small ones near the neck, while in the 
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cytoplasm surrounding the nucleus there are none at all. As the 
archegonium matures, the density of its cytoplasm increases by 



Figs. 1-6.—Development of archegonium of Mkrocycas calocoma: fig. i, arche¬ 
gonium initial; fig. 2, archegonium initial with vacuole in base before cutting off of 
neck cell; fig. 3, archegonium initial divided, giving rise to primary neck cell and cen¬ 
tral cell; fig. 4, primary neck cell divided to form two neck cells; fig. 5, central cell much 
elongated before division to form egg; fig. 6, ventral canal nucleus and egg nucleus; 
note that in this case a faint wall has been laid down on the spindle fibers and a portion 
of it has been dragged down into the cytoplasm of the egg; figs. 1-4, 6, X238; fig. 5, 
XS2. 


the concentration in the central cell of food received from the arche- 
gonial jacket and neighboring cells. At the time the ventral canal 
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nucleus is cut off, the cytoplasm appears to be very solid and without 
vacuoles. 

Ventral canal nucleus. —^The division of the nucleus of the 
central cell to form the ventral canal nucleus and the egg nucleus 
takes place late in February (fig. 6). In one of the sections observed 
the division is complete, with the very much enlarged egg nucleus 
near the middle of the egg. Both nuclei have spindle fibers attached 
to them; and cutting off the ventral canal nucleus and its cytoplasm 
from the egg proper is a very faint wall developed on spindle 
fibers (fig. 6). A fragment of this wall with its fibers has been 
dragged down into the egg, and shows very clearly that what appeared 
to be one wall is really two walls. Ordinarily the ventral canal 
cell is not separated from the egg by a wall. This is the only 
cycad in which even a trace of a wall has been observed. As to 
whether it disorganizes or is permanent, there is at hand no material 
old enough to determine. 

Nutrition of egg. —By the time the ventral canal nucleus is 
formed, the egg is inclosed in a membrane perforated by haustoria 
which are protrusions of egg cytoplasm. These haustoria pass 
through the egg membrane in groups of two and three or more 
(fig. i8). The egg haustoria penetrate the cells of the archegonial 
jacket and through them the contents of these cells pass into the 
egg. Finally, these cells are practically exhausted, the cells being 
empty, scattered, flattened, and otherwise distorted. 

The beginning of the archegonial jacket is barely recognizable 
when the primary neck cell divides to form two neck cells. There¬ 
after it develops in such a manner as to make it difficult, when 
looking at a micropylar group of archegonia, to determine whether 
it is individual for each archegonium, or a region in which the arche¬ 
gonia are imbedded. When, as it sometimes happens, however, 
one archegonium develops so as to project itself into another, there 
is always between the tw^o central cells a single layer of cells, the 
archegonial jacket. Although present, the archegonial jacket in 
Microcycas is not as strongly developed, and does not last as long 
as in other cycads, being very much exhausted by the latter part of 
December. 



REYNOLDS--MICROCYCAS 


399 


1934 ] 

Anomalous archegonia.^ —^Numbers of the archcgonial initials 
at the periphery of the micropylar group and scattered over the 
remaining surface of the gametophyte develop into abnormal 
archegonia. Some of these anomalous archegonia are multi- 
nucleate. This condition, as indicated by dilTerent stages found 
on sectioning, may arise in two ways: either by the division of the 
central cell nucleus before the greatest elongation of the archegonium 
and the subsequent cutting off of the ventral canal nucleus (figs. 
21-23); or by fragmentation of the central cell nucleus at a period 
just before the separation of the ventral canal nucleus from the egg 
nucleus by cutting off of amoeboid arms (fig. 19). 

Another variation in archegonia is in the number of neck cells. 
In one case it appears that the primary neck cell has divided 
transversely, and in another case, that each of the cells has divided 
vertically, forming two tiers of neck cells, two cells in each tier 
(lig. 21). 

Generally the archegonia on the sides of the gametophyte are 
grouped without a definite archegonial jacket. I'hese archegonial 
comj)lexes probably originate from a group of adjacent archegonial 
initials, all of which develop, permitting no jacket to be formed 
for any one of them, but only around the group as a whole. In 
such grou])s there occur archegonia in which, after the division of 
the primary neck cell and the central cell, the latter divides several 
times like any other gametophyte cell. I'hese archegonia are never 
as advanced as those at the micropylar end. Around some arche¬ 
gonia the jacket cells at the base have enlarged, resembling arche¬ 
gonial initials similar to the ‘‘sheath buds’" described by Miss 
Ferguson (ii) in Pinus. 

Archegonial chamber. —In all the material sectioned, except 
possibly in one group of slides, it seems that no archegonial chamber 
is formed. In examining some whole ovules, however, fixed about 
March, it would seem that the gametophytes previously sectioned 
had not been old enough, and that there is an archegonial chamber 
formed in the micropylar end by the continued growth of the gameto¬ 
phyte cells around the archegonia, but it is not a deep and definite 
chamber as is found in other cycads. The indication in the lateral 
groups of archegonia of an archegonial chamber is very slight. 
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Discussion 

Caldwell (i) considered Microcycas the most primitive genus 
of cycads. On the other hand, Land (12) and Chamberlain 
(7, 8) conclude that it is an advanced form. In habit of growth 
it is a tree (i), like all but Zamia, Stangeria, Bowenia, some species 
of Macrozamia, and Enccphalartos. The three first named are 
generally accepted as the most advanced cycads; therefore, in 
vegetative form Microcycas belongs to the lower cycads. In the 
seedling, it is to be noticed that the vascular cylinder, instead of 
developing from a protostelic cotyledonary plate, is siphonostelic 
from the beginning (10), an advanced character. 

There is a tendency among cycads to reduce the microspore 
production by reducing the size of the sporophyll, by decreasing 
the number of sporangia on the sporophyll, and by diminishing the 
output of each sporangium. In all these respects Microcycas (15) 
is near the top of the series, with only Bowenia and possibly Zamia 
more advanced. 

As is consistent with the tree habit, Microcycas has a large 
ovulate cone (i), but not as large as in some species of Enccphalartos, 
Macrozamia, and Dioon. The cone itself ranks high in the scale 
of evolution, the sporophylls being very unleaflike and reduced in 
size. The size of ovules puts Microcycas among the more advanced 
cycads. They are smaller than those of Cycas, Enccphalartos, 
Macrozamia, and Diomi, yet larger than those of Zamia, Bowenia, 
and Stangeria. They are about the same size as those of Cerato- 
zamia, although possibly averaging larger. 

The female gametophyte is quite similar to the female gameto- 
phytes of the other cycads, except in the thickness of the megaspore 
membrane, and in the number of the archegonia. Comparing the 
measurements of the megaspore membranes made by Thomson (16) 
on five genera of cycads other than Microcycas, it would appear 
that Microcycas possesses the thinnest one to start with, and that 
at its greatest thickness it is approximately the same as that 
surrounding the free nuclear gametophyte of Zamia integrifolia 
(16), which genus is considered the most advanced of all. 

Although the normal appearance of the archegonia is about 
like that of other cycads, their number is strikingly greater, being 
sixty-four or more, as compared with the one to ten archegonia 
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found in the other genera. Caldwell states that the number some¬ 
times exceeds two hundred, but this number I believe to be unusual, 
even counting the non-functioning archegonia. Even the least 
number, however, does not nearly approach the narrow range of 
the other cycads. This situation might be called primitive. It 
may be that more cells retain the ability to become archegonia, 
given the proper stimulus. On the other hand, in view of the 
situation in Welwitschia, this large number might be regarded as 
an advanced character. 

The development of the archegonium is similar to that of 
Dioon edule, described by Chamberlain (4), with these differences: 
the archegonial jacket is exhausted two or three months earlier; 
and a definite ventral canal cell is occasionally formed as in the 
Ciinkgoales (3) and the Abietineae, a more primitive condition than 
that found in the other cycads, where there is no trace of a wall 
between the ventral canal nucleus and the nucleus of the e^gg. The 
archegonia occur in groups, as in the Cupressineae (13), but have no 
common archegonial jacket. 

Another and strikingly jirimitive feature of Microcycasis the fact 
that there are sixteen to twenty spenns (i). 

Microcycas therefore shows both primitive and advanced 
characters. It is to be noticed that most of the primitive characters 
appear in the gametophyte generation, while most of the advanced 
characters are in the sporojihyte generation. 

On the whole, Microcycas shows more advanced than primitive 
characters, and should be regarded as one of the more advanced 
cycads. 

Summary 

1. The ovules were not young enough to show the megaspore 
mother cell or the megaspores, the youngest stage of the female 
gametophyte showing free nuclear condition in the megaspore. 

2. In older ovules, nuclear division has increased the number 
of free nuclei, while at the periphery some of the nuclei are already 
inclosed by walls. Still older ovules show the gametophyte to be 
completely cellular. 

3. The number of chromosomes is twelve, although occasional 
nuclei have fourteen. 



402 BOtAMICAl GAZETTE (june 

4. The megaspore membrane increases in thickness from i.Sfxiu 
August to 3 At in October, and thereafter decreases to i.o m in March. 

5. The cells of the nucellus adjacent to the gametophyte are 
early organized into a nutritive jacket, which persists imtil the 
middle of December. 

6. The vascular bundles belonging to the inner fleshy layer 
of the ovule divide and give rise to branches which enter the nucellus. 

7. The archegonial initials are distinguishable about the latter 
part of November. They are scattered in groups over the surface 
of the gametophyte, but only those at the micropylar end develop. 
The remaining initials may divide and become almost unrecogniz¬ 
able among the other gametophyte cells, or may become merely 
multinucleate. 

8. The development of the archegonia is the same as in other 
cycads, with the exception that in some cases a ventral canal cell 
is formed. 

9. Haustoria from the egg protrude through pores in the egg 
membrane into the cells of the archegonial jacket which surrounds 
each archegonium. 

10. The archegonial chamber is a shallow depression occurring 
late in the development of the gametophyte, and is not nearly so 
highly developed as in the other genera. 

11. Microcycas should be regarded as one of the more advanced 
cycads. 

Stephens College 
Columbia, Mo. 
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EXI>LANATION OF PLATES XXVIII, XXIX 

Fig. 7.—Free nuclear stage of gametophytc with young endosperm jacket; X67. 
Fig. 8.—Young ovule containing free nuclear gametophytes surrounded by endo¬ 
sperm jacket; X26. 

Fig. 9.—^Young, completely cellular gametophytc; X26. 

Fig. 10.—Detail of fig. 9, showing endosperm jacket, megaspore membrane, and 
arrangement of cells of gametophytc in regular rows; X132. 

Fig, II.— ^Transverse section of young gametophytc; X2S. 

Fig. 12,—Two gametophytes each within its own megaspore membrane, but 
inclosed by common endosperm jacket; gametophytes same age as one shown in 
fig. 9; X26. 

Fig. 13.—Detail of young gametophytc; note heavy w'alled endosperm jacket 
cells and regular rows of gametophytc cells; X64. 

Fig. 14,—Older gametophytc, showing location of possible archegonial initials; 
section not perfectly median; X25. 

Fig. 15.— Median section of mature gametophytc, showing cells in rows radiating 
from suture; X16. 

Fig. 16.—Tangential cut of lower part of mature gametophyte, showing alterna¬ 
tion of light areas and dark bands; X10. 

Fig, 17.—General topography of early December gametophyte; X6. 

Fig. 18.—Detail of egg membrane in surface view; note arrangement of pores; 
X190. 

Flc. 19.—Multinucleate archegonium from February gametophyte; nuclei arisen 
from division of central cell nucleus before division to form ventral canal nucleus; 
X102. 

Fig. 20.—General topography of November ovule, showing partial exhaustion of 
nucellus; X9. 

Fig. 21.—Binucleate central cell resulting from division shown in fig. 22; note 
also two tiers of neck cells; archegonia of figs 21-23 are from gametophyte of age 
shown in fig 17; X308. 

Fig. 22.—Young archegonium in which central cell nucleus is divided; X330. 
Fig. 23.—Young archegonium in which nucleus of central cell has assumed a 
central position; X308. 



QUANTITATIVE RELATIONS OF CARBOHYDRATES 
TO NITROGEN IN DETERMINING GROWTH 
RESPONSES IN TOMATO CUTTINGS 

Mary E. Reid 

(with eight figures) 

The investigations described and results presented in this paper 
are the outcome of a study of the utilization of the different kinds 
of food reserves in tomato cuttings in their relation to the character 
of the growth responses which they display. Variations in external 
conditions have been used, such as growing the cuttings in light 
and in darkness, and in solutions with and without nitrate nitrogen. 

This problem was suggested for investigation as a result of 
certain observations of the growth responses of tomato cuttings 
described by Kraus and Kraybill in their work on vegetation and 
reproduction with special reference to the tomato." 

Pieces of stems one to four inches long, without leaves and possessing both 
nodes and internodes, were examined microchemically to learn something of 
the nature of their content. They were then placed on filter paper moistened 
with distilled water and placed under a bell jar in the laboratory. These trials 
were repeated several times, always with the same results, (i) Yellowish stems 
high in carbohydrates and low in total nitrogen and nitrates pushed forth many 
roots, particularly along the internodcs, to the length of one to four inches. 
One or two formed tiny yellowish .sprouts at the nodes. In ten days to two 
weeks the roots turned dark and began to decay. (2) Greenish stems contain¬ 
ing starch and fairly high in total nitrogen always produced roots along the 
internodes and sometimes small green sprouts at the nodes. The root produc¬ 
tion was not so profuse as in the foregoing. Decay began in about the same 
length of time. I'he succulent tops of the same plants without starch reserves 
all decayed without root or shoot production. (3) Green, succulent stems, with¬ 
out starch reserves and very low in free reducing substances but high in total 
nitrogen and nitrate nitrogen, all decayed without root or shoot production. 
These results are of interest in connection with the vegetative propagation of 
many plants, for which purpose the practical grower prefers the more hardened” 
or mature portions. From the general viewpoint expressed in this paper they 
are also interesting in connection with some other experiments on tomatoes 

* Kraus, E, J., and Kraybili, H. R., Vegetation and reproduction with special 
reference to the tomato. Oregon Agric. Exp. Sta. Bull. 149. 1918. 
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which will not be discussed here, except to state that a decided reduction in the 
development of the root systems of the plants accompanied a continued removal 
of leaves from the tops. According to microchemical tests, that practice also 
resulted in a marked decrease in the carbohydrates in the stems, and a reduction 
in vegetative extension and fruitfulness. 

Only a brief statement will be given in this paper of the results 
of the writer’s investigations, which were begun in the fall of 1920 
and which have been continued uj) to the present time. It is hoped 
that soon a more complete account of the work may be published, 
giving numerical data and a survey of the literature on the subject. 

The methods em])loyed in conducting these experiments were 
the same as those described in a previous article.'^ The nutrient 
solutions were prepared according to the following formulas: 

SOLVTION' (ON'TAlNINd NITRATES 

A B 

2 per cent MgS04 3 per cent CaCb 

2 per cent KHj I'Ch 2 per cent C.'aS()4 

2 per cent KXo^ 4 per cent Ca (N03)2 

SoLI/riOK MINIS .NITRATES 

A B 

2 i)er cent ^Ig SO4 4 per cent ("aCb 

2 per cent Klb PO4 2 per cent CaS04 

I per cent KCl 

In preparing the .solutions for the cuttings, 100 cc. of solution A 
was made up to one liter in distilled water, and an equal quantity 
of solution B was made up in the same way. These diluted solu¬ 
tions of A and B were mixed before using. A few drops of a i per 
cent solution of ferric citrate were added to each liter of the solution. 

Observations 

In the previous paper the text figures were so arranged as to 
show the effect of differences in composition upon the growth of 
cuttings under uniform external conditions. In this article the 
cuttings of uniform composition are shown on one text figure, but 
a comparison of the effects of differences in composition may be 
seen by referring to the figures on opposite pages. For example, 

® Reid, Mary E., Relation of the kind of food reserves to regeneration in tomato 
plants. Box. Gaz. 77:103-110. 1924. 



4o6 botanical GAZETTE [june 

figs. I and 3 are of basal cuttings of the two types of composition. 
To obtain an idea of the behavior of cuttings dissimilar in composi¬ 
tion but grown under the same external conditions, compare cut¬ 
tings A and A in the two figures, B and J 5 , etc. 

Fig. I shows basal carbohydrate-high cuttings grown under 
different external conditions. Cutting A was grown in the light in 
the solution plus nitrates, B was grown in the dark in the solution 
plus nitrates, C was grown in the light in the solution minus nitrates, 
and D was grown in the dark in the solution minus nitrates. It 
may be observed that roots grow abundantly on cuttings kept in 
light and in darkness in both plus nitrate and minus nitrate solu¬ 
tions. There are striking differences in shoot growth under the 
different external conditions. There are more shoots and a greater 
weight of shoots produced in light than in darkness in solutions 
both plus and minus nitrates, but perhaps the most conspicuous 
feature is that shoots grow only to a small extent and often not at 
all on cuttings kept in the solution minus nitrates. 

In another series of experiments the cuttings were obtained 
from plants that had been transplanted into sand at an earlier age 
than the plants from which the cuttings here shown were taken. 
The nitrogen content of these plants was presumably less than that 
of the plants transplanted at the earlier age. The growth responses 
made by these cuttings is shown in fig. 5 (p. 412). This cutting was 
high in carbohydrates and was grown in the light in the solution 
minus nitrates. No shoots were produced on any of the basal 
cuttings in this series which were grown in the solution minus 
nitrates, but roots were produced abundantly. 

These growth responses of cuttings high in carbohydrates and 
low in nitrogen indicate that nitrate m'trogen may be utilized in 
darkness in the building of nitrogenous materials that may be used 
in growth, but the production of such materials in darkness is much 
less than occurs in light. The addition of nitrates to the nutrient 
solution often resulted in twice the amount of growth that occurred 
on cuttings grown in the solution minus nitrates. The difference 
in the amount of growth in the two solutions is largely a matter 
of increased shoot production by the cuttings grown in the solution 
plus nitrates. 
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The results obtained with high carbohydrate, low nitrogen 
cuttings grown in the solution minus nitrates appear to indicate 
that the nitrogenous reserves in defoliated cuttings are utilized 
more fully when the cuttings are grown in light than when they are 
grown in darkness. This difference is largely a matter of difference 
in shoot growth. It seems that cuttings grown in the light are 
much more likely to produce shoots. 

Fig. 2 shows basal cuttings of highly vegetative plants. Cut¬ 
tings A and B were grown in the solution plus nitrates, and C and 
D in the solution minus nitrates. A and C were grown in the light, 
and B and D in darkness. It may be observed that vegetative 
cuttings grown in the light produce some shoots, but do not produce 
roots abundantly. In most cases none is produced until after the 
cuttings have grown in the light for several weeks. 

Fig. 3 shows top cuttings of carbohydrate-high plants. A and 
B were grown in the solution plus nitrates, and C and D in the solu¬ 
tion minus nitrates. A and C were grown in the light, and B and 
D in darkness. It may be noted that the cuttings grown in the 
light in the solution plus nitrates developed both roots and shoots 
abundantly. In darkness, both roots and shoots were very limited 
in quantity. When grown in the solution minus nitrates, the top 
cuttings produced, at the end of a growing period of about one 
month, a relatively greater weight of shoots than did the basal 
cuttings, but relatively less roots. 

Fig. 4 shows top vegetative cuttings. A and B were grown in 
the solution plus nitrates, and C and D in the solution minus nitrates. 
A and C were grown in the light, and B and D in darkness. The 
photograph was taken after the cuttings had been growing in their 
respective solutions for two weeks. Shoots were produced by 
cuttings grown in the light about equally well in the two solutions. 
No roots were developed. Neither roots nor shoots grew in dark¬ 
ness, but a withering of the tips was observable after the cuttings 
had stood in the dark room for five to seven days. 

The results obtained with vegetative cuttings in all the experi¬ 
ments thus far conducted have indicated that the vegetative cuttings 
having the highest carbohydrate supply are the ones that pro¬ 
duce the most new growth in darkness. Those cuttings containing 




Fig. I. —Basal cuttings of carbohydrate-high plants; cuttings grown in solution plus nitrates: A, in light; 
darkness: cuttines grown in solution minus nitrates: C, in light; /?, in darkness. 
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Fro. 2—Basal cutUngs of vegetative plants; cuttings grown in solution plus nitrates: A, in light; in darkness; 
cuttings grown in solution minus nitrates; C, in light; Z>, in darkness. 
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Fig. 3.—^Top cuttings of carbohydrate-high plants; cuttings grown in solution plus nitrates: A, in light; B, in darkness; 
cuttings grown in solution minus nitrates: C, in light; Z>, in darkness. 





Fig. 4.—^Top cuttings of vegetative plants; cuttings grown in solution plus nitrates; in light; Bj in darkness; 
cuttings grown in solution minus nitrates: C, in light; />, in darkness. 
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the greatest amount of young tissue, such as the top cuttings or 
the basal cuttings with long side shoots, produce the greatest total 
amount of new shoots when grown in the light. During the first 
two weeks of the growing period of highly vegetative cuttings, 
shoots appear to develop equally well in the solutions plus nitrates 
and minus nitrates. This was true both in light 
and in darkness. Later, however, those cuttings 
growing in the light in the solution plus nitrates 
had the greatest total amount of new shoots. 

Fig. 6 shows top cuttings of vegetative plants 
grown in the light and grown a week longer than 
similar cuttings shown in the last figure, in which 
no roots were present. Cuttings A-D inclusive 
were grown in the solution minus nitrates and 
E-H inclusive in the solution plus nitrates. It 
has been found in most of the experiments with 
top vegetative cuttings that, in the first two 
weeks of the growing period, roots develop in 
greatest abundance upon cuttings grown in the 
solution minus nitrates, either in light or in 
darkness. Later, in the case of cuttings grown 
in the light in solutions both plus and minus 
nitrates, the roots appear in equal amounts. 
Still later, the roots appear to develop more 
rapidly on the cuttings growing in the solution 
plus nitrates. This difference between earlier 
and later periods of growth is believed to be 
correlated with the larger photosynthesizing 
area which the cuttings grown in the solution 
plus nitrates eventually develop. The growth responses appear 
to indicate that, if the carbohydrate supply becomes the limiting 
factor, the growth of shoots exceeds that of roots; and that if, on 
the contrary, the nitrogen supply is the limiting factor, the growth 
of roots may exceed that of shoots. Considering the growth re¬ 
sponses of the highly vegetative cuttings just described, it seems that 
a large reserve supply of carbohydrates is not directly essential to 
root growth. Apparently only as the materials enter into solution 



Fig. 5. —Basal cut¬ 
ting of carbohydrate- 
high plant presum¬ 
ably having lower 
nitrogen content 
than cutting shown 
in fig. r C (both 
grown in light in 
solution lacking ni¬ 
trates). 



Fir;. 6.—Top cuttings of vegetative plants grown in light: A-D, in solution lacking nitrates; E-Hj in solution containing 
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do they exert an influence upon the t^pe of growth. At the time these 
highly vegetative cuttings were made, they contained practically 
no starch except a few grains in the endodermal cells. After the 
cuttings developed leaves, carbohydrates were eventually synthe¬ 
sized faster than they were utilized, and there occurred a deposition 
of starch in typical starch storage cells. An accumulation of 
carbohydrates occurred earlier in the cuttings grown in the solution 
minus nitrates than in those grown in the solution plus nitrates. It 
is not thought that starch itself is the determining factor, but rather 
that some other conditions accompanying, starch deposition may be 
important, as, for example, a high sugar content. 

There appears to be a close relationship between the type of 
growth response displayed by cuttings and that of the plant from 
which the cuttings are obtained. The cuttings seem to have a tend¬ 
ency to do what the plant has been doing. If the plants were 
producing shoots to a small extent but producing roots abundantly, 
the basal cuttings of such plants tend to produce chiefly roots, and 
the top cuttings to produce both roots and shoots, the combined 
effect being a greater total tendency toward root production. If 
the plant were producing shoots abundantly but roots to a small 
extent, the basal cuttings produce shoots and a few roots, the tops 
only shoots, the combined effect being a greater total tendency 
toward shoot production. 

In fig. 7, plant A is highly vegetative and of the series of plants 
from which the vegetative cuttings shown in figs. 2, 4, and 6 were 
taken. Branches haVe been produced at most of the nodes, and 
the leaves are exceedingly large, dark green, and numerous. The 
root system consists of relatively few, thick, fibrous, short, slightly 
branched roots. Plant D is the carbohydrate-high type from the 
same series. Its stem is straight and unbranched. The leaves are 
few, small, and a very light yellowish green. On the other hand, 
the root system is relatively very large. The roots are very num¬ 
erous, and, although not long> possess a large surface area in rela¬ 
tion to the small size of the plant above ground. The plant shown 
in illustrations B and C is not strictly comparable, since it is slightly 
older than plants A and D. It is interesting to note that this plant 
is intermediate in chemical composition, as well as in the relative 
amounts of roots and shoots. 
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In fig. 8 are shown iodine-treated sections taken through the 
basal portion of the stems from the three plants shown in fig. 7. 
A and B are sections through the basal portion of the carbohydrate- 
high plant. The darkened areas in B show the heavy deposit of 
starch in the pith and medullary ray cells. ^ is a section through 
the same stem, taken through a region in which the starch was not 
so abundant as in B, and in which the individual grains show plainly. 
Section D is through the basal portion of the highly vegetative 
plant, no starch grains being visible. l"he tissues shown are the older 
portion of the xylem in the region of one of the primary vascular 
bundles, pith cells, and a group of internal phloem cells. Section 
C is through the stem intermediate in type. Considerable starch 
was present, but very much less than in the carbohydrate-high type 
of plant. 

Discussion 

The results of these experiments seem to indicate that the 
growth responses as expressed in root and shoot production may be 
determined, at least in part, by the nature of the available food 
materials. It seems that, if the carbohydrate supply becomes the 
limiting factor, the growth of tops exceeds that of roots, but that 
if the nitrogen supply becomes the limiting factor, the growth of 
roots may exceed that of tops. It seems probable that the relation¬ 
ship must be indirectly between the relative amounts of certain 
forms of soluble carbohydrates present and the supply of some inor¬ 
ganic form of nitrogen. As a result of the relative proportions of 
these constituents, organic nitrogen compounds are formed which 
directly determine the nature of the growth response. It is sup¬ 
posed that a supply of carbohydrates must be present in excess of 
that used in forming these nitrogenous organic compounds, in order 
to provide materials for respiration and for building cell walls. It 
might be assumed as a result of these experiments that merely a 
difference in the total amount of the organic nitrogen compounds 
would determine differences in root and shoot growth. Experi¬ 
ments now under way, however, suggest that total nitrogen or total 
protein content may not explain differences in relative amounts of 
roots and shoots produced. These same experiments suggest that, 
given a readily available supply of carbohydrates, it is the balance 
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YiG. 7.— A, highly vegetative plant; B, C, plant moderately vegetative; D, carbohydrate-high plant 






through stem of highly vegetative plant shown in fig. 7 A , 
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that exists between some forms of organic nitrogen that determines 
the growth responses. 

Summary 

1. A high nitrogen supply plus a readily available (even though 
somewhat limited) supply of carbohydrates appears to furnish 
favorable conditions for shoot growth. 

2. A somewhat limited nitrogen supply plus a readily available 
supply of carbohydrates appears to furnish favorable conditions 
for root growth. 

3. There seems to be a greater utilization of the carbohydrate 
reserves in carbohydrate-high cuttings grown in light than in those 
grown in darkness, and the utilization is greater in the cuttings 
grown in the solution plus nitrates than in those grown in the solu¬ 
tion minus nitrates. 

4. A synthesis of nitrogenous materials that may be used in 
growth appears to occur in cuttings grown both in light and in 
darkness, but such synthesis appears to be greater in amount 
in light than in darkness. 

5. Light is particularly favorable for the growth of shoots. 

6. The cuttings have a tendency to do what the plant has been 
doing. If the plant was producing shoots abundantly and roots to 
a relatively small extent, the basal cutting from such a plant tends 
to produce a few roots and some shoots, and the top cutting chiefly 
shoots, the combined effect being a greater total tendency toward 
shoot production. If the plant was producing roots abundantly 
and shoots to a small extent, the basal cutting tends to produce 
only roots, the top cutting to produce roots and some shoots; the 
combined effect being a greater total tendency toward root pro¬ 
duction. 

These investigations were conducted in the laboratory of plant 
physiology of the department of botany at the University of Wis¬ 
consin, and were begun at the suggestion of Professor E. J. Kjiaus. 
The writer wishes to extend grateful acknowledgment to Professors 
J. B. Overton and E. J. Kraus for helpful suggestions and criti¬ 
cisms given during the progress of the investigations. 

Boyce Thompson Institute foe Plant Research 
Yonkers, N.Y. 



EFFECT OF POTASSIUM ACID PHTHALATE ON 
EARLY GROWTH OF TOMA'i’O PLANTS 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 319 
R. B. Dustman 
(with six figures) 

In connection with a study of the effect of reaction values of 
nutrient cultures upon certain internal factors in plant metabolism, 
it became desirable to know the effect, if any, of the organic com¬ 
pound, potassium acid phthalate, upon the early growth and vigor 
of plants subjected to its action. So far as the writer is aware, 
the use of phthalic acid or its salts in nutrient cultures has been 
reported from a single source, the work of 1'arr and Noble (6). 
These investigators employed potassium acid phthalate for the 
purpose of stabilizing the hydrogen ion concentrations of their 
nutrient solutions. They report excellent l)uffer action from its 
use, but state that they were unable to determine definitely whether 
or not it exerted a harmful effect upon the plants grown. The 
results were regarded as being indicative of no such effect. It is 
known, however, that many of the benzene ring derivatives may 
exert a toxic influence upon growth. Thus Brenxiiley (i) found 
an inhibitory' action from various phenols, all of which produced 
the same general effect, but which varied considerably in respect 
to the concentrations at wliich these effects became apparent. 
Schreiner and Skinner ( 5 ) showed that relatively small amounts 
of salicylic aldehyde were toxic to the growth of various plants in 
water cultures and in pot and field experiments. Unpublished 
data from this laboratory indicate that benzidine is quite harmful 
to the growth of soy beans and barley. Unfortunately none of 
these compounds is sufficiently closely related to the one in question 
to permit comparison. For these reasons five series of experiments 
were arranged and carried out in a small but carefully conducted 
manner. 

Series I.—Sand cultures in half gallon jars; five lots including 
000, 1000, 20cx>, 4000, and 10,000 ppm of phthalate; T and N 
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nutrient solution; Ph range 5.03-5.05; three plants per jar; variety 
Bonny Best. 

Series II.—Sand and water cultures in glass stenders; six 
lots of each including 000, 500, 1000, 1500, 2000, and 2500 ppm of 
phthalate; T and N nutrient solution; Ph range 5.02-5.07; three 
plants per stender; variety Bonny Best. 

Series III.—Sand cultures in half gallon jars; six lots including 
000, 500, TOGO, 1500, 2000, and 2500 ppm of phthalate; NRC Type 
III ReSi, nutrient solution; Ph range 3.73-3.83; three plants per 
jar; variety Bonny Best. 

Series IV.—Sand cultures in glass stenders; six lots each of 
barley and tomatoes including 000, 200, 400, 600, 800, and 1000 
ppm of phthalate; T and N nutrient solution; Ph range 5.02-5.06; 
four plants per stender; varieties Wisconsin pedigreed barley and 
Stone tomatoes. 

Series V.—Soil cultures in half gallon jars; six lots including 
000, 125, 250, 500, 750, and 1000 parts of phthalate ppm of soil; 
five plants per jar; variety Stone. 

Methods 

All experiments were run in duplicate. The plants were grown 
under greenhouse conditions and consisted, in all instances but one, 
of tomatoes of the Bonny Best and Stone varieties. The single 
exception was a parallel set of pure line barley cultures grown as a 
check against the tomatoes in the series containing the lowest 
concentrations of phthalate. Water, sand, and soil cultures were 
employed, but the former proved unsatisfactory. Most of the 
cultures were of sand media arranged partly in large glass stenders 
of 250 cc. capacity, and partly in half gallon jars of glazed earthen¬ 
ware. I'he glass containers were wrapped with black glazed paper 
to protect the roots from the action of light. In all, ranges of 200- 
10,000 ppm of phthalate were tried. 

Two t)^es of nutrient solutions were employed, including the 
one used by Tarr and Noble (6) and the National Research 
Council (4) type III, row 6, solution i. The latter was chosen 
because of its reported hydrogen ion concentration, which according 
to McCall and Haag ( 3 ) is Ph 3.9 by the colorimetric method, 
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but which as made up and measured in these experiments gave a 
reaction value of Ph 3-73 with the Leeds and Northrup Type K 
potentiometer, equipped with a modified Hildebrand ( 2 ) type of 
hydrogen electrode and a saturated calomel electrode with liquid 
junctions across saturated KCl solution. This instrument was 
used in adjusting the various nutrient solutions of the sand and 
water cultures to a uniform value of approximately 5 Pn by the 
addition of tenth normal sodium hydroxide. The actual range of 
all the nutrient cultures in their initial reaction values was Ph 
5.02-5.07, except the National Research Council type III solutions, 
which were taken at their resulting values of Ph 3.73-3.83 after 
addition of the varying increments of phthalate and without 
adjustment with sodium hydroxide. 

The sand used was from a fresh supply of pure white quartz 
of high quality and medium texture (no. 3 grade) prepared by the 
Wausau Abrasive Company, Wausau, Wisconsin. It was used 
directly without washing or other previous treatment. The 
chemicals were of standard purity as supplied by the Baker Chemical 
Company and the Central Scientific Company of Philadelphia 
and Chicago, respecli\Tly, The soil used was a rich potting soil 
from the greenhouse, heavily manured but otherwise unfertilized. 
Its reaction value was undetennined, but could not well have been 
very acid, as it contained numerous small shells of carbonate of 
lime. In preparing the pots the dry soil was spread out and the 
phthalate applied in solution. After thorough mixing the soil was 
returned to the Jars. 

In the series containing the water cultures these were equipped 
with paraffin mounts with small holes through which the pre\dously 
germinated seedlings were thrust into the solution beneath. 

No applications of either nutrient materials or potassium acid 
phthalate were made subsequent to the initial application in any of 
the experiments, and no attempt was made to control reaction values 
after the seeds were planted. Waterings were made with distilled 
water alone, the stender cultures receiving equal volumes until 
differences in growth necessitated adjustment in accordance with 
transpiration, whereas the pot cultures were held at uniform 
moisture content by frequent, usually daily, weighings. Growth 
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periods ranged from twenty to thirty-five days, except for the water 
cultures, which were discontinued after two weeks. 

Data 

Series I was set up and planted March 8 with ten seeds per pot, 
at which time was applied also 500 cc. of the T and N adjusted 
nutrient solution. The plants were later thinned to three per jar. 
Table I shows the results secured. 

Series II (including both sand and water cultures) was started 
April 10 and ii. The water cultures were supplied with 200 cc. 
of adjusted T and N solution and three seedlings each. By the 
end of the second week it was apparent that these cultures were 
unreliable. They therefore were discontinued. Several of the 
solutions were showing contamination with mold and algal growth, 


TABLE I 

Effect of strong concentrations of KH phthalate on growth 
or tomato plants (growth period 35 days) 


Lot no. 

KH phthalatei 
ppm 

N/io NaOH 
added per 
liter (cc.) 

Initial P,, 

Final dry 
weight per 
plant (gm.) 

Final Ph 

I. 

None 

1000 

2000 

4000 

10,000 

86 

iro 

135 

180 

330 


0.0759 

0.0707 
0.0174 
Dead 
Dead 

3.8s 

6.64 
7.46 

2. 

3. 

4. 

«:. 





and there was some indication that the paraffin injured the seed 
leaves where they rested upon it, the sunlight and temperature being 
sufficient to soften and slightly melt the surface of the mounts. 
The sand cultures of this series proved to be much more satisfactory. 
They were treated with 90 cc. of T and N adjusted nutrient solution, 
planted with five sprouting seeds each, and four days later thinned 
to three seedlings each. The results are shown in table II. 

Series III contained the same concentrations of phthalate as 
Series II, but was based upon a totally different nutrient solution. 
As already stated, the National Research Council type III R^Sx 
was chosen because of its reported reaction value of Ph 3*9. As 
made up and used with the addition of phthalate and without 
adjustment with NaOH, the initial range of reaction values was 















1924 ] DUSTMAN—POTASSIUM ACID PllTHALATE 423 

Ph 3 - 73 “ 3 - 83 - The half gallon jars of sand were planted April 14 
with seven previously soaked seeds in each, at which time 500 cc. 
of the solution was applied. These were later thinned to three 
plants per jar. Table III shows the yields secured. 

Series IV was carried out in stenders and included parallel 
sets of tomatoes and barley. The solutions for both were made up 

TABLE ir 


EfPECT of moderate CONCEKTRATION'S OF KIT PHTJIALME ON GROWTH 
OF TOMATO PLANTS (g.ROWTH PERIOD 20 DAYS) 





1 1 

f 'Average weight per plant 


KH 

N/10 NaOII 




Lot no. 

I’lrai/VLATE 

ADDl D PKR 

Ph 




PPM 

LITTR (CC.) 


(ireen 

Dry 





trm 

gm. 

1 . 1 

1 

None 

86 

5.06 

1 . CX )43 

0.0958 

2.1 

500 

100 

5 -07 

0. ^<734 

0.0786 

3 . 

1000 

TIO 

5 1 

0 5006 

0.0449 

4 . 

1500 

125 

.S 04 

0. 42^6 

0.0392 

5 . 

2000 

LT 5 

5 -06 ! 

0 2858 

0. 02^ 

6. 

2500 


5 -05 

0 2536 

0. 0263 


TAITLI*. in 


Effect of moderate concentrations of KH phthalate 

ON GROWTH OF TOMATO PLANTS (GROWTH PERIOD 35 DAYS) 


Lot no. 

KH 

PHTH Al. ATE 
PPM 

Ph 

|a\i:ragf. w'ek’.ht per plant 

Green 

gni. 

Dry 

gm. 

T. 

None 

500 

1000 

1500 

2000 

2500 

3 73 

4 -3087 

2.7402 

2 0531 

I . 2359 

I.3660 

0.3607 

0.4317 

0 .2995 

0.TS87 

0.1082 

0. 1270 
O.0411 

1 

1 . 


0 *•*••*• • 

A 


*+. 


6. 

3.83 



together and divided between the two sets. On April 27 the cultures 
were set up with 100 cc. of T and N adjusted solution and planted 
with seven barley grains or ten tomato seeds each. When well up 
the plants were thinned to four per culture. The barley i)lants were 
harvested May 19 and the tomatoes May 24. The yields arc 
shown in tables IVa and IVfi. 
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Series V included the single group of soil cultures tried. The 
jars were planted April 28 with twelve seeds each, and a week later 
thinned to five plants per jar. They grew vigorously and were 
harvested May 24. The results are shown in table V. 

TABLE IVfl 


Effect of weaker concentrations of KH phthalate on growth 
OF tomato plants (growth period 27 days) 


Lot no. 

KH 

PHTHALATE 

PPM 

N/io NaOFI 

ADDED PER 
LITER (CC.) 

Ph 

Average wek 

Green 

gm. 

'.HT PER PLANT 

Dry 

gm. 

I. 

None 

86 

5.06 

2 . 2 QIQ 

0. 2304 

2 . 

200 

93 

5 OS 

2.0042 

0.2074 

3 . 

400 

97 

5 04 

1.8822 

0.1964 

4 . 

6 oo 

lOI 

5-03 

1.7427 

0.1785 

5 . 

8 oo 

io6 

5-04 

1-7403 

0.1938 

6 . 

rooo 

IlO 

5 02 

1.5414 

0.1761 


TABLE IXb 


Effect of weaker concentrations of KH phthalate on growth 

OF BARLEY PLANTS (GROWTH PERIOD 22 DAYS) 


Lot no. 

KH 

phthalate 

PPM 

N/io NaOH 
added per 
liter (CC.) 

Pm 

AVERAGE WEir 

Green 

gm 

HT PER PLANT 

Dry 

gm. 

I. 

None 

86 

5.06 

I 0455 

0.1492 

2. 

200 * 

93 

5-05 

0.9998 

0.1274 

3 . 

400 

97 

5 04 

0. 7595 

0.1056 

4 . 

600 

101 

5 03 

0 .5433 

0.0758 

5 . 

800 

lO^) 

5-04 

0.7327 

0.0951 

6. 

1000 

no 

5-02 

0.6473 

0.0893 


Discussion 

The general course of development in these experiments was 
from stronger to weaker concentrations of phthalate. As soon as it 
became apparent that a given series was showing a harmful effect 
from the phthalate added, a new series in which the concentration 
was reduced was put under way. The primary object was to 
determine whether or not the phthalate exerted a toxic action on 
tomato plants, in concentrations suitable for buffering the solutions 
in which they were grown. Consequently its effect in concentra- 
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tions below 200 ppm was not studied. Tarr and Noble had 
already shown that it exerts a good buffer action at a concentration 
of 1020 ppm in the solution employed by them. It was thought 
that perhaps even greater concentrations could be used without 
harmful results, thus necessitating less frequent changes of solutions, 
and still maintain constant reaction values. The outcome of the 
trials herein reported not only demonstrates the fallacy of this 
view, but raises a serious question as to the freedom of the solutions, 
from toxic influences when containing potassium acid phthalate 
in concentrations considerably below 1000 ppm. 


TABLE V 

Effpxt of KH phthai.ate on tomato plants grown in 

RICH SOIL (growth PERIOD 27 DAYS) 


Lot no. 

Parts op KH 

PHTHALATE 
PPM or .SOIL 

Average weight per plant 
(TOP only) 

Green 

gm. 

Dry 

gm 

I. 

None 

16.38 

I.IIS 

2 . 

125 

17.40 

1.279 

3 . 

250 

18. 20 

I. 269 

4 . 

500 

18.74 

1.383 

5 . 

750 

18. 24 

I. 272 

6. 

1000 

19. 00 

1.509 


Table I shows that the seedling tomato plants were unable to 
endure the stronger concentrations. In this connection it should be 
stated that the very much increased osmotic concentration incident 
to the additions of phthalate and sodium hydroxide probably 
contributed materially to their failure. In fact, there were several 
variables in this work whose partial effects were diflScult to separate 
and evaluate, especially in the higher concentrations. These 
were the potassium acid phthalate, sodium hydroxide, total osmotic 
concentration, and reaction value. The three last mentioned are 
believed to have been eliminated, so far as harmful effects are 
concerned, in the later experiments embracing the lesser concentra¬ 
tions of phthalate and reduced total osmotic values. 

There are certain inherent difficulties involved in the use of cul¬ 
ture solutions where concentration of hydrogen ion is an important 
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feature in the studies being made. No data are known to the 
writer which might suggest the reaction value most favorable for 
the growth of tomato plants. The fact, however, that most plants 
tried have shown satisfactory growth from Ppj 4 to 6, and a general 
knowledge of the tomato as applied to its growth under field condi¬ 
tions, would lead one to believe that it is not particularly sensitive 
to moderately acid conditions, and that these values would permit 
normal development. Accordingly, a Ph value of five was arbitrarily 
chosen for the majority of the solutions, although they probably 
did not remain continuously at this value. 

A comparison of tables II and III indicates that the phthalate 
is the important factor entering into the reduction of growth, since 
it is active alike at Ph 3.7 and 5.00, and in solutions of dissimilar 
composition. This comparison also eliminates the sodium hydrox¬ 
ide and sodium ion from consideration at these concentrations, 
since the former was not added in series III, and no sodium salt 
entered into the composition of the solution. 

From series IV it is apparent that the toxic action of the phtha¬ 
late is not specific for tomatoes, as it caused a somewhat greater 
relative reduction with barley than with tomatoes. The yields 
are somewhat irregular here, as elsewhere in the experiments, but 
some inconsistency is to be expected where the increments of change 
are small. The general trend of the effect is obvious throughout. 
In each of the first four series the effect of the phthalate was manifest 
not alone by growth differences. With increasing concentration its 
action was reflected (n the color, appearance, and general vigor of 
the plants. The barley plants developed a chlorotic condition 
roughly proportional to the amount of phthalate present in solution. 
Photosynthetic disturbances were more apparent with the barley 
than with the tomato plants. In the higher concentrations, the 
tomatoes showed some tendency toward malformation of leaves and 
a very much greater susceptibility to damping off in the seedling 
stage. When the roots were washed out it was found that their 
development was more shallow in the stronger concentration of 
phthalate. In general the extent of the root development was 
about proportional to the top growth, but even when considerably 
developed laterally they frequently failed to penetrate deeply into 
the sand. 
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There were several reasons for not repeating the treatments or 
changing the solutions during the growth period. Uncertainties 
as to osmotic relations, reaction values, and i)arallel treatments of 
duplicates militated against such a procedure. That changes 
occurred from those conditions originally present in the solutions 



Fici. I. —Series II; showing decreased growth with increasing phthalate treat¬ 
ment 20 days after planting; range a-2500 ppm. 



Fig. 2.—Series III: same phthalate treatment as in fig. i, but witli different 
nutrient solution; 35 days after planting. 

is almost a certainty. The extent of such changes is for the most 
part unknown. Nevertheless, if an initial application of potassium 
acid phthalate results in a toxic action, it seems reasonably certain 
that its continued presence in the original concentration would not 
be less harmful. Figs. i~6 show the plants of the various series 
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at the time of harvest, and give some idea of the relative growths 
secured. 

Series V presents an interesting reversal of the results seciHred 
from the sand and water cultures. It was anticipated that the 


r r > • ■ 


Fig. 3.—Series IV: effect of less concentrations of phthalate on tomatoes 27 days 
from planting; range o-iooo ppm. 
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Fig. 4.—Series IV: same treatment as in fig. 3 on barley 22 days from planting 


toxic effect of the phthalate would be less pronounced in the soil 
cultures. That the compound might actually show a positive benefi¬ 
cial effect was entirely unexpected. The close agreement of the 
duplicates at the two extremes of the series, although not evident 
from the table, leaves little room for doubt as to its action. In 
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searching for an explanation for this effect, two possibilities suggest 
themselves: (i) the phthalate ion may have been removed from 
solution by adsorption; or (2) it may have been more rapidly 
attacked and broken down by the much more numerous mold and 
bacterial flora of the soil. Of the two, the former would seem to be 



Fig. 5.—Series V: showing increased growth with increasing {)hthalate treat¬ 
ment on soil cultures 27 days after planting; range o-jooo ppm. 



Fig. 6,—Series V: same as fig. 5, showing duplicate pots in lots i and 6 

the more likely explanation, as no differences were apparent during 
the first fifteen to eighteen days of growth. Presumably the potas¬ 
sium component of the phthalate was responsible for the increased 
growth. The outcome of this experiment might serve as an illustra¬ 
tion of the dangers involved in a too general application of observed 
phenomena or results secured under specific conditions to a parallel 
but somewhat different situation. 
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Summary 

A study has been made of the effect of vaiying concentrations 
of potassium acid phthalate on the early growth of tomato plants. 
Culture experiments were carried out under greenhouse conditions, 
and included water, sand, and soil media. In all, ranges of 200 to 
10,000 ppm of the phthalate were tried. With one exception the 
nutrient solutions of the sand and water cultures were adjusted to a 
uniform reaction value of 5 Ph by the addition of tenth-normal 
sodium hydroxide. In this one instance a nutrient solution of 
different type was employed. Its reaction value was left undis¬ 
turbed at approximately 3.75 Pr. No attempt was made to control 
reaction values after the seeds were planted, and no subsequent 
applications of nutrients or phthalate were made. All experiments 
were run in duplicate, the averages of which are reported in tables 
I-V. The plants were watered with distilled water, and the growth 
period ranged from twenty to thirty-five days. 

Conclusions 

1. Potassium acid phthalate in concentrations of 1000 or more 
ppm is decidedly harmful to young tomato plants grown in sand 
and water cultures. 

2. As measured by dry weight increases of plants grown in 
sand cultures, its toxic action is appreciable in concentrations of 
500 ppm or less. 

3. When applied to soil cultures the opposite effect may occur, 
and the addition of the phthalate prove beneficial to the growth of 
the plants. 

4. Barley plants give evidence of being somewhat more suscep¬ 
tible to phthalate injury than tomato plants. 

The writer desires this opportunity to express his indebtedness 
to Dr. C. A. Shull and Dr. S. V. Eaton of the Department of 
Botany for continued interest and helpful advice throughout the 
course of the experiments. 

University op Chicago 
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FACTORS GOVERNING SEASONAL CHANGES IN 
TRANSPIRATION OF ENCELIA FARINOSA 

Edith B. Shreve 

In a previous paper* it has been shown that the desert perennial 
Encelia farinosa possesses some means of reducing its ratio of 
transpiration to evaporation (T/E) during the months in which 
aridity is increasing in its native habitat in southern Arizona. 
Attention has been called to the fact that the plant thus obeys 
Le Chateliek’s theorem.* The evaporative power of the air is 
twice as great during May and June as during the cool and more 
humid months of January and February, while Encelia loses only 
1.4 times as much water per unit area in the latter months as it 
does in the former. This investigation was undertaken with the 
hope of discovering the mechanism of the reduction in relative 
transpiration. 

The plant has two distinct types of leaves, a mesophytic form 
which is present during the cool months, and a smaller xcrophytic 
one which follows the disappearance of the other form. The 
mesophytic form is sometimes almost glabrous, while the xero- 
phytic form is always covered with a thick mat of hairs, shown in 
the illustrations in my, previous paper. In order to ascertain 
whether or not the leaf tissue alone accounts for the greater resist¬ 
ance to water loss by the xerophytic form, disks were cut from 
corresponding positions in the two types of leaves, and the water 
loss measured under the same external conditions. Samples were 
always taken just before sunrise. 

A combination of air temperature and humidity was selected, 
lying about midway between the two seasonal extremes, and these 
conditions were maintained as closely as possible in a closed glass 

* Shreve, Edith B., Seasonal changes in the water relations of desert plants. 
Ecology 4:266-292. 1923. 

* The theorem is stated by Pijtxing as follows: ^‘Each change in an outer condi¬ 
tion that affects a body or system produces in it a change in such a direction that as a 
result of this change the resistance of the body or system to this outer change is 
increased.” 
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chamber. An apparatus was designed for exposing both sides of 
the disks to the air in such a way that evaporation from the cut 
surfaces was avoided. Circular holes smaller than the disks 
were cut at regular intervals in rectangular pieces of aluminum 
sheeting; the leaf disks were placed over the holes between two 
sheets and the sheets screwed together. These disk mountings 
were then arranged so that both sides of the disks were exposed 
to the air in a vertical position. While weighings were being made, 
an air-tight cover was fitted over the mountings to prevent loss of 
water. Eight mountings, each containing eight disks, were then 
arranged with equal spacing in a glass chamber. Other similar 
pieces of apparatus filled with wet gray plant drying paper and 
exposed in a similar manner provided a check on the evaporative 
conditions of the chamber at all times. It is to be noted that the 
water loss from the leaf disks was not true transpiration as it occurs 
in nature. The influence of the water relations of stems and roots 
has been eliminated, and thus it is possible to compare directly 
the resistance to the evaporative power of the air offered by the 
different types of leaf tissue. 

In table I are given typical results from these experiments. 
The figures represent averages of eight mountings, the error due 
to averages being 0.0005. If seen that when disks of the two 
types are placed under the same atmospheric conditions, the xero- 
phytic type loses 0.52 times as much as the mesophytic, a result 
which seems in agreement with the one that might have been 
expected from an inspection of the leaf structure. An examination of 
the water contents of the disks on the two dates, however, shows that 
there is another factor to be considered. On March 14 the water 
content of the mesophytic type was 3.3 gm. per gram of dry weight, 
and the xerophytic type on May 14 was only 1.2 gm. On March 27 
the mesophytic leaves were still on the bushes, but their water 
content had decreased to 2.3 gm. The water loss on March 27 
was 0.84 that of the earlier date. 

In order to find the effect of a higher water content on the 
evaporation from the xerophytic disks, branches were cut from the 
bushes, and the ends immediately placed in water. The branc hes 
were covered with bell jars and left to absorb water for 24 hours. 



TABLE I 

Averages of results from experiments with disks of Encelia leaves placed under identical external 
conditions; 324 disks, 1.6 cm. in diameter, used on each date 
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Disks were then cut from these leaves and their water loss measured 
in a manner identical with that used for the untreated leaves. The 
water loss returned to an amount 0.79 as great as that from the 
mesophytic leaves on March 14. The water content of these 
xerophytic leaves had increased from 1.2 to 2.3 gm. The water 
content of other xerophytic leaves was increased from 1.2 to 2.0 
gm. by irrigating for ten days plants growing naturally in the open. 
Again the water loss for equal areas increased markedly (table I). 
Thus it is evident that the leaf structure cannot be the main factor 
in increasing the resistance to water loss by evaporation. The 
evidence of this experiment is that the water deficit in the leaf is a 
strong controlling factor. When an attempt to obtain a constant 
is made by using the water loss for equal areas and the water content 
based on dry weight the result is negative. If the water loss for 
equal areas is divided by the actual amount of water in the same 
areas, an approach to a constant is obtained from the ratios Ed/O, 
but it is far enough away from a true constant to make it certain 
that other factors must operate. 

Working on the hypothesis that a relation exists between the 
water absorbing capacity and the water holding ability or retentive- 
ness of leaf tissue, the imbibition of leaf disks for both seasons was 
measured. The two sets of experiments of course were conducted 
at the same temperature. The maximum water absorbed by equal 
areas is given in column 5. Here again there is very evidently 
some relation, for the greater the absorbing capacity the less the 
water loss by evaporation; but no true constant appears. If, how¬ 
ever, the two factors (original water and maximum water obtained 
by imbibition) are considered together in the form EdXM/ 0 , a 
constant is obtained which is exceptionally good for plant work. 
This is especially true when it is observed that the third decimal is 
uncertain. It thus appears that under identical atmospheric 
conditions the water loss from the leaf tissue of this plant varies 
directly with the original amount of water present, and inversely 
with the water absorbing capacity of the tissue, regardless of whether 
the leaf is of the xerophytic or the mesophytic type. 

Further evidence of this relation appears in some preliminary 
experiments that were originally discarded, either because porous 
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cup atmometers were used instead of felt paper, or because the 
cage failed to hold a constant temperature. The results of these 
experiments are given in table II. The water losses from leaf disks 
at the different temperatures have been reduced to comparable 
terms by using the response to the evaporative power of the air, 
Ed/Ea, after the manner of the well known transpiring power ratio 
T/E. On March i and 12 the disks used were of a larger diameter; 
and cylindrical porous cup atmometers measured the evaporative 
power of the air. The expression Ed/Ea X M /0 gives the same num¬ 
ber for the two dates. On the remaining three dates given in table II 
the disks were of the same diameter as those in table I, and felt 
paper measured the evaporative power of the air. Again a constant 
for these dates appears. If the ratio Ed/Ea is used instead of Ed in 
table I, the numbers obtained from the expression Ed/Ea X M /0 are 
the same for all dates with the exception of the first two in table II. 
These last could not agree with the others because the atmometers 
give a different unit for the evaporative power of the air; but it is 
significant that they agree with each other. The expression may 
now be stated thus: the response to the evaporative power of the 
air shown by isolated pieces of the leaf tissue varies directly with 
the original water content of the tissue and inversely with the 
maximum water content obtained by its imbibition of water in vitro. 

It must be remembered that this expression represents the rela¬ 
tions existing in an isolated piece of leaf tissue which cannot draw 
water from the rest of the plant. In the entire plant system the 
complications of the water content of stems and roots and their 
water absorbing and retaining capacity, as well as the resistance of 
water passage, enter into the final resultant of the drought resistance 
of the whole plant. These experiments show the internal factors 
operating in the leaf tissue alone. In my former paper it was shown 
that the transpiration per unit area for a 24 hour period for Encelia 
(T) is a function of at least two external factors, the evaporation 
power of the air (E) and the water content of the soil (S). The 
expression T/(E XS) so nearly approached a constant value that the 
conclusion was drawn that these two factors represented the major 
external influences regulating transpiration. Attention was called 
to the fact, however, that the results showed that still other condi- 
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tions must be operative, and that these were most probably internal. 
The ratio of the evaporative power of the air to soil water content 
(E/S) affects the water content of leaf tissue, which in turn affects the 
water absorbing capacity of the tissue. Thus the two expressions 
T/(ExS)andEd/EaXM/Opartlyindicate the resistance of Encelia 
to drought and its accord with LeChatelier’s theorem. 

The changes in original water content of leaf tissue seem to be 
accounted for by the failure of the plant to maintain its water 

TABLE II 


Averages of experiments with disks of Encclia leaves under 

SLIGHTLY DIFFERI-:NT EXTF-RNAL CONDITIONS 



1 


3 

1 4 

1 

1 5 

6 

7 


Ed 

Ea 

0 

M 

E., 

E,i M 

1 

Dates and notes 

Water 

\\ater 


Maxi- 

E, 




loss 

loss 

Original 



Diameter 


per liour 

per hour 

water in 




disks * 


(leaf 

disk.s) 

(atmom- 

cter) 

18 disks 

18 disks 

i 


(cm.)* 

March 1 








Mesophytic leaves first 








2 hours. 

0.16 

0.64 

0.94 

1.25 

0.250 

0.332 

2.6 

March 12 



Mesophytic leaves first 








2 hours. 

0.18 

0.83 

0.87 

1.34 

0. 217 

0.333 

2.6 

March 12 

Mesophytic leaves first 








hour.’ 

0.125 

0.69 

0-735 

1.08 

0. iSi 

0.265 

1.6 

May 13 


Xerophytic leaves first 








hour. 

0.074 

0.78 

0.590 ! 

1.67 

0.095 

0. 26S 

1.6 

May 28 


Xerophytic leaves first 








hour. 

0.120 

0.91 

0.675 

1.37 

0.132 

0.261V 

1.6 




♦Area exp<ii»ed to air .same in all cases. 


balance with increasing aridity; but the causes for the changes in 
absorbing capacity are evidently more difficult to detennine. 
An examination of the values obtained for the dry weights before 
and after imbibition throws some light on the mechanism of the 
changes in water absorbing capacity. The dry weights for eighteen 
disks, that is, for equal areas, vary considerably with the conditions 
of the experiments, the greatest difference being between March 
14 and May 14 wheh the xerophytic disks have a value nearly 1.9 
greater than the mesophytic. 
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When these disks were left in distilled water for 24 hours, 
soluble material diffused into the water; but the amounts were 
different for the different dates. The less the original water content 
of the leaf the greater the amount of soluble material that diffused 
into the water. The dry weights of the disks after imbibition show 
one constant value for the mesophytic form and a larger one for the 
xerophytic. In the xerophytic leaf the palisade cells are shorter 
and more closely packed than in the mesophytic, where there are 
large intercellular spaces. Thus disks of equal areas would include 
more cells and consequently more insoluble material than the meso¬ 
phytic disks, and the difference of 0.15 and 0.25 in the dry weights 
might be accounted for. 

The difference in the diffusible material offers an interesting 
hypothesis. It may be supposed that, as the plant loses water by 
excessive transpiration, reversible chemical changes occur that 
cause certain materials to give up water of combination and to 
become temporarily insoluble. When more water is available, 
these substances again undergo change into a soluble fonn, and are 
carried by diffusion into other parts of the plant. The results of 
these experiments agree with this hypothesis. When the plants 
with xerophytic leaves were irrigated, the original weight decreased 
from 0.41 to 0.34 gm., and when the cut branches were left in wal^r 
for 24 hours, the decrease was from 0.41 to 0.31 gm.; while natural 
desiccation of the mesophytic leaves from 3.3 to 2.2 gm. was accom¬ 
panied by an increase in dry weight from 0.22 to 0.28 gm. Thus 
it seems highly probable that the increase in dry weight for equal 
areas which accompanies a decrease in the water content is the 
cause of the increase in the water absorbing capacity. 

In times of drought the leaves and stems are filled with a dark 
brown , viscous sap which is almost unfilterable, and which is probably 
a colloid solution. This liquid oozes from every wound under 
drought conditions, but is absent during the moist season. When 
the brown sap is expressed from the leaves and heated to 80° C., 
a bulky gelatinous precipitate is thrown down. Possibly this con¬ 
tains the material which is rendered insoluble by loss of water, and 
which is responsible for the increase in water absorbing capacity 
shown by the tissue of low water content. The amount of precipi- 
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tate obtained from xerophytic leaves taken from irrigated plants 
was less than that obtained from the xerophytic leaves of lower 
water content, a fact in agreement with the theory suggested. 

Summary 

1. In a former paper it has been shown that Encelia farinosa, 
a desert perennial having a mesophytic form of leaf in the cool 
moist months and a xerophytic form in the arid season, reduces 
its response to the maximum evaporate power of the air in June 
to about one-fifth the January value. 

2. The difference in the anatomical structure of the mesophytic 
and xerophytic leaves does not account for the greater resistance 
to water loss in the arid season. 

3. When disks of equal areas are cut from the two types of 
leaves immediately before sunrise and placed under identical 
external conditions, the water loss from them is found to vary 
inversely with the total imbibitional capacity and directly with the 
original water content. Even though the external temperature 
varies as much as 10® the expression Ed/EaXM/0 gives a value 
which approaches a constant to an amount remarkable for work 
with water relations of plants. 

4. The total imbibitional capacity of both tyj^es of leaves varies 
with the original water content and the dry weight. 

5. The lower the original water content, the greater the amount 
of soluble material that diffuses into the w^ater which surrounds 
imbibing disks. The dry weights after imbibition have one constant 
value for mesophytic leaves and another for xerophytic ones. 

6. The ratio of evaporation to soil moisture affects the Avater 
content of leaf tissue; this in turn affects the imbibitional capacity 
and resistance to water loss of leaf tissue. The changes in imbibi¬ 
tional capacity are accompanied by changes in the amount of 
soluble material in the tissue. These changes in diffusible material 
are presumably the resultants of reversible chemical changes which 
take up or give up water according to the amount available. 

Desert Laboratory 
Tucson, Ariz. 



DEVELOPMENT OF SEED OF CROTALARIA 
SAGTITALIS 

M. T. Cook 

(with plates XXX, xxxi) 

This plant was selected for study as typical of those plants in 
which the embryo absorbs practically all the endosperm and nucel- 
lus, and completely fills the one seed coat at maturity. The mature, 
seed, therefore, is composed of a very large embryo and single seed 
coat. The food for the early support of the seedling is stored in the 
two very fleshy cotyledons. The seed is of the same type as the 
bean, but is smaller and much more easily handled for a study of 
this kind. None of the material collected was young enough to 
show the development of the embryo sac. The youngest stage 
observed was an eight-celled sac in which the antipodals were disin¬ 
tegrating and the polar nuclei uniting (figs. 1,2). It is well known 
that in the members of this family already studied the antipodals 
disintegrate very early. It is safe to assume that the development 
of the embryo sac in this species is in line with that of other species 
of the Leguminosae, Immediately following fertilization, both the 
seed and the embryo sac enlarge very rapidly, and the former feels 
much like a small bladder* when pressed between the thumb and 
finger. This is the result of the very rapid formation of nucellus 
and its equally rapid disintegration to form the endosperm, which is 
evidently active in the feeding of the embryo. During this period 
the sac is lined with a well defined endosperm, and the center is prob¬ 
ably filled with liquid food which serves for the immediate use of 
the growing embryo. The seed, therefore, is almost full size while 
the embryo is very young and small (figs. 3, 13, 30). The ovules 
are attached alternately on either side of a ridge along the dorsal 
side of the ovary (figs. 4, 5); that is, the side corresponding to the 
midrib of a foliar organ. 

Pollen tubes. —^The pollen tubes are very numerous and promi¬ 
nent. They penetrate the upper end of the ovary cavity and follow 
the ridge to which the ovules are attached (figs. 4, 5). They are so 
Botanical Gazette, vol. 77] [440 
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intimately associated with the cells of the caq^el in this region that 
it is frequently impossible to distinguish them (figs 6, 7). The tips 
of the pollen tubes along the edge of the ridge turn into the ovarian 
cavity (figs. 6, 7). The number of pollen tubes is so much in excess 
of the number of o\^ules that only one in many ever reaches an 
ovule, the others disintegrating (fig. 8). The entrance of the pollen 
tube through the micropyle and into the embryo sac is clearly visible, 
the remnant of the tube usually persisting for a considerable time 
after fertilization (figs. 10-13, 16.) In one case the pollen tube had 
formed three branches, only one finding its w^ay into the embryo sac 
(fig. 12). It is very generally recognized that the pollen tube is 
parasitic on the ovary of the sporophyte, but it is not generally 
considered as parasitic on the female gametophyte. In this study 
one case was observ^ed in which the pollen tube penetrated the 
embryo sac and destroyed its contents (fig. 9). This has previously 
been observed by the writer in the case of Pass{flora adenophylla 
Why the pollen tube occasionally behaves in this manner the writer 
does not attempt to answer. 

Nucellus.— The nucellus at first is composed of small cells 
which are very compact at time of fertilization (figs. 13, 25, 26). 
It increases very rapidly, the cells increasing both in number and 
size and becoming very vacuolate. Those cells lying next to the 
endosperm disintegrate ver>' rapi<lly, so that there is never a large 
amount of nucellus at any one time (fig. 30). A small amount of 
nucellus persists in the region of the hilum after maturity. 

I'ertilization. .'Fhe disintegration of the antipodals and the 

enlargement of the embryo sac begin with or just before the entrance 
of the pollen tube into the sac (figs, t, 3, 30). The polar nuclei 
unite at this time and apparently just before the entrance of the 
pollen tube (fig. 2). It is veiy^ doubtful whether triple fusion occurs 
in this species. The relationship of the entrance of the pollen tube 
into the embryo sac to the behavior of the synergids was not 
observed, but it is evident that both synergids disintegrate at about 
the time of the entrance of the tube (fig. 10). The actual union of 
the sperm nucleus and the ovum was not observed^ but the tip of 

* Cook, M. T., Notes on the embr>'o sac of Passijlora adcmphylla. Bull. Torr. 
Bot. Club 36:273-274. 1909. 
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the pollen tube just penetrating the sac was observed repeatedly 
(figs. 10-13, 16). In one case the tip of the tube contained two 
well defined bodies, although the embryo was well advanced (fig. n). 
These two bodies had the appearance of two sperm nuclei. If they 
were sperm nuclei, the embryo was evidently forming partheno- 
genetically. On the other hand, these two bodies may have been 
fragments of a single disintegrating nucleus. In that case, one 
sperm nucleus may previously have united with the egg. 

Embryo. —The development of the embryo, like that of many 
other of the legumes, is extremely variable. The first stage of 
development is in the form of a sphere (fig. 10), but the divisions 
may be very irregular (figs. 11,12). In some cases the nuclei appear 
to divide well in advance of the formation of walls (fig. ii). In 
most cases the divisions arc regular and result in the formation of a 
spherical or more often of an elongated embryo, which gives rise to 
the embryo proper and the suspensor (figs. 14-16). The suspensor 
is comparatively slow in its development. At first it is composed 
of a few large cells (fig, 15), but finally develops into a prominent 
organ bearing a much smaller embryo proper (fig. 16). It is 
extremely variable, in some cases being large and smooth (fig. 16), 
and in others covered with projections (figs. 17, 18). These pro¬ 
jections are short, unicellular, trichome-like elongations from sur¬ 
face cells. This development of the embryo is very similar to that 
described by Guignard* * for Spartium junceum. He has also 
observed outgrowths on the suspensor of some species. P'ollowing 
this period of development, the embryo proper enlarges, and very 
early shows a differentiation leading to the development of the coty¬ 
ledons (fig. 19). The cotyledons are well advanced; in fact the 
embryo has almost reached its complete growth before there is any 
evidence of cell division for the formation of the plumule (fig. 20). 
The radicle starts to develop a little later than the cotyledons 
(fig. 21). I'he suspensor persists until very late, but the embryo 
has undergone such enlargement that it is comparatively small at 
this time. 

’Guignard, M. L. Recherches d’embryog^nie veg^tale corapar6e. Ann. Sci. 
Nat. Bot. 12:5-166. 1881. 
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Polyembryony was observed in two cases (figs. 22, 23). In one 
case there were two and in the other four embryos. Guignard 
observ^ed cases of two and three embryos in the sacs of Mimosa 
Denhartii^ and was of the opinion that the extra ones were derived 
from synergids. In the case of C. sagiltalis the writer was unable 
to determine this point, but the early disintegration of the synergids 
makes it improbable that the extra embryos came from this source. 
They are most likely derived as a result of a splitting of the primary 
embryo derived from the egg. 

Endosperm.— 'Fhe endosperm nucleus divides before the first 
division of the embryo and develops very rapidly. It forms a deli¬ 
cate lining for the entire embryo sac, with considerable masses 
immediately surrounding the embryo and at the opposite end of the 
sac (figs. 10 13, t6, 24, 2O). The nuclei aie abundant and never in 
more than one layer, except immediately surrounding the embryo 
and at the opposite end of the sac. 'Fhe endosperm practically 
disappears with or just before the last of the nucellus cells and the 
inner cells of the seed coat (fig. 20). 

Seed coat.- -A single seed coat is fonned, which at first consists 
of four layers of cells except in the micropylar and hilum regions, 
where they are more abundant (figs. 13, 25, 2O). These cells are 
thin and flat when young, ])ut those of the outer layer soon tend to 
thicken and become more or less cubical (fig. 26). This tendency 
to thicken continues until the cells become columnar, the long axis 
being at right angles to the surface of the ovule (figs. 27-20). The 
cells of the second and third layers tend to become cubical, and the 
innermost layer of cells disintegrates (fig. 27). This is followed by a 
continued elongation of the cells of the outer layer, the formation 
of intercellular spaces between the cells of the second layer, and a 
disintegration of the cells of the third layer (figs. 28, 29). In the 
meantime the cuticle has become highly developed, and the walls 
of the cells of the two remaining layers stain as though highly 
cutinized. Fragments of the two inner layers of cells, of the nucel¬ 
lus, and of the endosperm may be seen at this time (fig. 29). 

Cleavage plane.— -The formation of the cleavage plane in the 
hilum is very marked between tw^o layers of cells which are richer 
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in protoplasm and stain more deeply than the surrounding cells 
(fig. 31). The cells of these two layers tend to become cubical and 
then columnar, the same as the outer layer of the seed coat (ligs. 
31-33). The line of demarcation becomes more and more con¬ 
spicuous, and exposed surfaces of the two layers of cells become 
cutinized. Long before the seed is mature, the two layers can 
readily be separated by a slight pressure on the cover glass. 

ITis work was done at the New York Botanical Garden during 
a period of leave of absence from Rutgers College. 

Rutgkrs ('olj.ege 
New Bki'nswick, N.J. 


EXPLANATION OF PLA'i'ES XXX, XXXI 

Fid. I. —I'Cighl-cellcd embryo sac; antipodals disintegrating and {wlar 
nuclei uniting. 

Ftd, 2.—Eight-celled embryo sac; antif)odals have disappeared and polar 
nuclei united. 

Fig. 3.—Diagram of ovule with eight-celled embryo sac. 

Fk;. 4.—Diagram of inner dorsal side of ovary, showing ridge, points of 
attachment of ovules, and entrance of mass of pollen tubes {pi). 

Fig. 5.—Cross-section of diagram of ovule, showing one ovule and dorsal 
ridge. 

Fig. 6.—Upper part of ovary, showing entrance of pollen tubes. 

Fig. 7.—Part of same undej- higher power. 

Fig. 8.—Disintegrating pollen tubes that have failed to reach ovules. 

Fig. 9.—Pollen tube destroying contents of embryo sac (semi-diagram¬ 
matic). 

Fig, 10.—Very young embryo; tip of pollen tube attached; endosperm 
well advanced. 

Fig. II.—Embryo; prominent endosperm; tip of pollen tube showing two 
bodies. 

Fig. 12.—Embryo; endosperm; tip of pollen tube which has branched. 

Fig. 13.—Part of ovule, showing seed coat, nucellus, micropyle, embryo, 
and endosperm; pty pollen tube* 

Fig. 14.—Embryo. 

Fig. 15.—Embryo. 

Fig. 16.—Embryo and endosperm; pt^ pollen tube. 

Fig. 17.—Embryo and prominent suspensor. 

Fig. 18.—Embryo and prominent suspensor. 

Fig. 19.—Part of embryo, showing origin of plumule. 
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Fig. 20.—I’art of embryo, showing origin of plumule (older than fig. 19). 

Fig. 21.—Pari of embryo, showing origin of radicle (diagrammatic). 

Fig. 22.—Polyembryony, 

F'ig. 23.—roIyembr3^ony. 

Fig. 24.—Endosperm in end of sac opposite embryo. 

Fi('.. 25.—Part of ovule, showing four layers of cells of seed coat {sc), and 
three layers of cells of nucellus (//«). 

Fig. 26.—Part of ovule, showing four layers of cells of seed coat, part of 
nucellus, and endosperm lining embryo sac; cut at right angU's to fig. 25. 

Fig. 27.“"Three layers of cells of seed coat, fourth layer disintegrating; 
nucellus and endosperm. 

Fig. 28.—Two layers of cells of seed coat, third layer disintegrating; nucel¬ 
lus disintegrating. 

Fig. 29. —Two layers of cells of seed coat; disintegrating nucellus and 
endosperm. 

Fig. 30.—Dhigram of ovule about same age as fig. 13. 

Fig. 31.—First stage in formation of cleavage plane. 

Fig, 32.—Second stage in formation of cleavage plane. 

Fig. 33. —'rhird stage in formation of cleavage plane. 



CYTOLOGIGAL AND PHYSIOLOGICAL CHANGES 
IN VICIA FABA IRRADIATED WITH 

rOntgen rays- 

HiBEO KoMtTRO’ 

(with one figure) 

In 1922 the writer published a preliminary note on the cells of 
Yicia Fahu modified by Rontgen rays, and their resemblance to 
tumor cells .3 Because of this resemblance, these experiments have 
been repeated, using different kinds of X-ray tubes and a race of 
Vida Faba called Wasesoramame,” which was obtained from 
Nihon-Noen in Tokyo. Microscopical observations cannot be 
made on the material of the 1923 ex|jerimcnls in the near future, 
so that at this time the results of the cytological experiments of 
1922 are reported briefly, with observations on the physiological 
aspects of the 1923 experiments. Methods will be explained in 
detail in a later complete paper. 

The Rontgen tube used was Okura's gas tube with tungsten 
anticathodc, the hardness of which was zh 10.5® of Wehnelt. Seed¬ 
lings ill water in a Petri dish were placed under the X-ray bulb, the 
distance between the anticathode and the material being about 
30 cm., and were irradiated with a current of 2.0 -2.5 milliamperes 
for one hour. 

Cytological observations 

Beginning 1.5 hours after irradiation, degeneration phenomena 
were observed as follows. 

Preparations made 1.5 hours after irradiation: Vacuolization 
of cytoplasm apparent; chromatolysis clearly evident, only nuclei 
with distinct membranes being present; all observed mitoses ab¬ 
normal. 

* Preliminary note on cytological experiments of 1922 and observations on physio¬ 
logical aspects of experiments of 1925. 

* Traveling Fellow from the Department of Education of the Imperial Nipponese 
Government. 

3 Bot* Mag. Tokyo 36: no. 424. 1922. 

Botanical Gazette, vol. 77] [446 



1924] 


KOMURO-VICIA FABA 


447 


Preparations made 6 hours after irradiation: Nuclear membranes 
not visible, owing to degeneration; nuclear contents stained dilute 
grayish black by haematoxylin, with numerous small granules 
stained deeply with the same dye (feinkornigedichteHyperchroma- 
tosc); pyknotic and karyolytic conditions frequent; abnormal 
binucleate cells present. These changes are not observed in the 
control preparations. 

Preparations made 9 hours after irradiation: Vacuolization of 
cytoplasm manifest; karyolytic and pyknotic conditions prevalent; 
escaped nuclei very often seen in cytoplasm. There are many 
nuclei in the condition of “feinkdrnige dichte Hyperchromatose’’ 
and of ‘'Kernwandhyperchromatose” (chromatic substance adhered 
to the nuclear membrane), while a degeneration of the nuclear 
membrane and a deformation of the nucleus are of common occur¬ 
rence. Many abnormal binucleate cells are found, as well as many 
others which appeared to be approaching this condition, for it 
seemed evident that the mitotic process was interfered with in the 
prophase stages, with the result that the nuclei had become con¬ 
stricted and irregularly divided. The process often bears a striking 
resemblance to amitosis. Many giant nuclei stained deeply by 
haematoxylin are found, and also multinucleolar nuclei. These 
alterations cannot be seen in the controls. 

In the root tips of seedlings, these cytological changes occurred 
within 1.5 hours after exjx)sure for one hour to Rontgen rays from 
a tungsten anticathode (gas tube). Nine hours after irradiation, 
binucleate cells, giant nuclei, and multinucleolar nuclei were 
found, and these changes resemble those described in the writer’s 
preliminary note of 1922. Besides these conditions, various stages 
of degeneration were manifest, only abnormal mitotic figures being 
found 1.5 hours after irradiation. 

Physiological observations 

Before leaving Nippon the writer made five experiments for the 
purpose of examining the effect of soft rays from a molybdenum 
anticathode of a Coolidge tube. Tips of radicles of seedlings of 
Vida Faha were preserv’ed for the cytological investigation to be 
made after the physiological exj^eriments were finished. The seeds 
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used for these experiments were of the “Wasesoramame’’ race. 
In the irradiation a water cell of aluminium was used.^ 

Experiment I 

Two hours^ irradiation of air-dried seeds (tube dist. ca. 15 cm.; 
yO-g® (W.); 2d cur. 1.6-1.7 m.a.; temp. C.).*—Immediately 

after irradiation the seeds were sown in pots of sand and placed in 
a greenhouse. The treatment of seeds after irradiation was the 
same in all the experiments. 

Seven days later (i62f hours after irradiation) the radicles of 
the irradiated seeds had reached a length of 2.2, 3.7, 3.8, 3.9 and 
4.1 cm., and their tips were yellowish green. Fourteen days after 
irradiation, the length of the radicles varied between 4.5 and 7 cm., 
and some of them bore lateral roots. Two hours’ irradiation from 
a molybdenum anticathode does not deprive the air-dried seeds of 
the power of germination. 

Experiment II 

Two hours^ irradiation of seeds steeped 67 hours (2d cur. 
1.6 m.a.; heat. cur. 4 amp.; 4.6®-7.4° C.).—The results are shown 
in table I, which shows the severe inhibitory effect of two hours’ 
irradiation on the development of steeped seeds. The tips of 
radicles from the irradiated seeds were anomalous in form and in a 
somewhat necrotic condition. 

t 

Experiment III 

Intermittent tivo hours^ irradiation of seeds steeped 6y hours .— 
Seeds were exposed to rays for one hour under the same condition 
as in experiment II, and 45 hours later a secondary irradiation of 
one hour was made (4.6*^-7® C.). The results are shown in table II. 
On the twelfth day after irradiation, the tips of the radicles became 

Komuro^ H., Studies in the effect of Rdntgen rays upon the development of 
Vida Faha. Jour. Coll. Agric. Imper. Univ. Tokyo 8; 1923 (p. 284). The irradiation 
was made by the writer under the direct supervi.sion of the late Professor K. Fuji at 
the Electrical Laboratory of the Agricultural Experiment Station of the Department 
of Agriculture and Commerce, Nishigahara, Tokyo. 

* Abbre\dations: tube dist., distance between anticathode of X-ray tube and seeds 
to be irradiated; 2d cur., secondary current; heat, cur., heating current; m.a., 
railliampdres; amp,, amperes; W., hardness of X-ray tube as shown by Wehnelt’s 
measuring instrument; temp., temperature of place in which seeds were irradiated. 
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stumpy and harder than the controls, and blackish brown or black 
in color. Most of them were malformed and in a necrotic condition. 

Experiment IV 

Intermittent two hours* irradiation of seeds steeped 42 hours ,— 
Seeds were exposed to rays for one hour (heat. cur. 4 amp.; 2d 
cur. 1.7 m.a,; tube dist. ca. ii cm.; temp. 8.2®~io° C.), and 47! 
hours later they were again exposed for one hour under the same 


TABLE I 


Boors aptkr i 

IRRADIATION 

1 

Control 

X-RAYED 

Length (cm.) 

Length (cm.) 

Radicle 

Plumule or 
shoot 

Radicle 

Plumule 

Q2^. 

0. 6-1.8 

f 5.5 

7.3 

4 .S 

1 , 9.1 


0. 6-1.0 
2.0 

0.7 

0-3 


162 1 . 

4.2 

3 - 6 

4 - 3 
.S-a 

3-7 

30 

Docs not come 
out of seed coat 


TABLE II 


No. OK DAYS 
AFTER SECOND 
IRRADIATION 

Control 

X-RAYED 

Length (an.) 

Length (cm.) 

Radicle 

Plumule 

Radicle 

Plumule 


{4.3 

3-9 

1 ^-3 

Young plants having 
many lateral roots 

Length above soil 

3 -5-5 0 

0 9 

I.O 

0.7 

I.O 

Does not come 
out of seed 
coat 

10 . 

1-3 

14 

23 

1-7 

0-5 



conditions (temp. 6.8®-8®C.). In these experiments special care 
was taken to expose the secMis similarly to the rays, and, in the case 
of intermittent irradiation, to minimize the loss of water from the 
steeped and irradiated seeds. 
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Sixteen days after irradiation, X-rayed radicles had reached 
0.3, 1.4 (three), 1.5, 1.6, 1.7 (two) cm. in length (average 1.36). 
They were stumpy, hard, blackish brown or black, and were in a 
necrotic condition, while the control plants developed to the stage 
having 3-5 nodes above the soil. Fig. i shows the state of growth 
sixteen days after irradiation, the tips of the radicles having been 
cut off for the purpose of cytological investigation. 



Fig. I 

Two hours intermittent irradiation produced more marked 
effects than did the continuous irradiation of the same duration, 
and the seeds thus treated ceased to grow at almost the same stage 
as is shown in fig. 1. Even in steeped seeds, two hours’ irradiation 
could not deprive them of the power of germination. They could 
develop to a certain stage, however, verifying the writer’s paper of 
1923 (p. 287'). 




KOMURO-VICJA FABA 


451 


1924] 


Discussion 

The writer has previously pointed out the resemblance of 
cytological changes caused by the irradiation with Rontgen rays to 
those appearing in tumor cells, and he has repeated the experiments 
on the effect of these rays, using the seedlings of another race of 
Vida FabCy “ Wasesoramame/’ As early as 1.5 hours after irradia¬ 
tion the degeneration process is under way, and nine hours after 
exposure one may observe various stages of degeneration. These 
resemble the conditions described in the writer’s previous paper, 
and closely approximate those noted by him and other investigators 
in tumor cells. Although a cytological investigation of the material 
obtained this year could not be made, the physiological results 
were almost the same as in the formerly reported cases. This was 
especially true with regard to the effects of intermittent irradiation, 
which has never been employed by other investigators using plants. 
In the therapeutic use of Rontgen rays they were usually allowed 
to act on tissue intermittently. From these results it may safely 
be inferred that this intermittent use of X-rays in all probability 
will be harmful to the human body, although various filtering 
methods may be used; for X-rays may be summed up to harmful 
doses by repeating the exposure. Moreover, we must take the 
nature of the X-rays (that is, soft and hard) and the doses it is 
possible to give into consideration. The severe effect of rays from 
a tungsten anticathode (hard rays) at small milliamperages in 
cytological experiments should be borne in mind, and that of the 
physiological effects caused by soft rays from a molybdenum 
anticathode. 

The practical bearing of the results of this investigation should 
be emphasized. I'he results of cytological and physiological 
experiments, together with the case of Yamagiwa and Ichikawa’s 
artificial carcinom,^ and the carcinom caused by the chronic stimula¬ 
tion,’ and that of the Rontgencarcinom reported by Bichler® have 

^Yamagiwa and Ichikawa, Mitt. d. Med. Fak. Kais. Univ. Tokyo. 15:1915, 
17:1917, x9:i9x 8, 22:1919. Amer. Jour, Can. Res. 11:1917. 

I Boveri, Th., Zur Frage der Entstehung maligner Tumoren. 1914 (p. 37). 

* Bichler. Zur Kasuistik des Rdntgencarcinoms. Wiener klin. W^ochens. 
1914. Nr. 26. 
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led the writer to the conclusion that the therapeutic use of X-rays 
will be dangerous and of questionable value, because they may be 
expected to cause cytological alterations resembling those in malig¬ 
nant tumor cells. 

The writer is grateful to acknowledge his indebtness to the 
late Professor K. Fuji, who has kindly helped in making the 
exposures to rays, and to Professor L. W. Shaup, who has looked 
over the manuscript. Thanks are also due to the Morimura 
H6mei Kwai and to Mr. K. Ohnishi for defraying the expenses of 
the present research. 

Botanical Laboratoev 
Cornell UNivEESiry 



BRIEFER ARTICLES 


GEORGE IJNCOLN GOODALE 
(with portrait) 

Professor Goodale was born August 3, 1839, at Saco, Maine. He 
graduated from Amherst in i860, and received the degree of M.I). from 
Harvard in 1863. His first teaching position was at Bowdoin (1869- 
1872), where he was professor of materia medica and natural science,’^ 
a good illustration of the range of teaching demanded of a professor of 
science in those early days. In 1872 he became instructor in botany at 
Harvard; in the following year he was appointed assistant professor; 
and in 1878 became professor of botany, a position which he held until 
his retirement in 1909, when he be¬ 
came emeritus profe.ssor. He died 
April 12, 1923, in his 84th year. 

Professor Goodale was a no¬ 
table teacher. It was the good for¬ 
tune of the writer to work under 
him for two summers, during one of 
them as his laboratory assistant. 

He was certainly gifted as a remark¬ 
ably clear and attractive lecturer, 
organizing and presenting his sub¬ 
ject in a way that his pupils could 
never forget. As many st udents in 
those days remarked, he ^‘really 
made botany interesting,” in its 
early excursions beyond taxonomy. 

He was not only a great teacher, 
but also an unusually eflicient 
organizer. Through his ability as a 
teacher and an organizer he was 
able to relieve Dr. Asa Gray of the 
tedious routine of elementary instruction and many administrative cares. 
Associated with the abilities mentioned was a very kindly personality, so 
that his relations with students were very helpful and stimulating. 

While his chief interest w^as in teaching and in building up a botanical 
equipment, his own field of work was in economic botany, in the improve¬ 
ment of useful plants and their products. In this connection, he was 
especially interested in the Harvard Experiment Station in Cuba. 

Professor Goodale will stand as probably the greatest teacher of 
botany in the early days, when botany was beginning to extend its range, 
and laboratory work began to be a feature. He was a pioneer in this 
extension, which has led to the great differentiation of the subject 
today.—J. M. C. 
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BOOK REVIEWS 
The Cactaceae 

The Carnegie Institution of Washington is to be congratulated on the 
completion of its monograph on the Cactaceae.^ This large, important, and 
peculiar family of plants, almost wholly American, had long been in need 
of a thorough revision. The work was undertaken by N. L. Britton and 
J. N. Rose. While the major part of the investigation was financed by the Car¬ 
negie Institution, considerable aid was given by the New York Botanical Gar¬ 
den, the United States National Museum, and the United States Department 
of Agriculture. The New York Botanical Garden gave the use of four green¬ 
houses, financed several field trips, and prepared most of the paintings used 
for the colored plates. The Department of Agriculture furnished and equipped 
a large greenhouse, where at one time have been assembled about 5000 plants. 

This investigation is undoubtedly the most comprehensive piece of 
cooperative work that has even been undertaken in any botanical field. The 
results have been epoch-making, and will for a long time remain the standard 
in this group of plants. The investigation has led, not only to the publication 
of four elaborate volumes, but to the assembling of two great cactus herbaria, 
one in the Smithsonian Institution and tlie other in the New York Botanical 
Garden. The collection in Washington occupies 48 standard cases with 1152 
compartments. It contains representatives of all the genera and most of the 
species described in this work. The collection in the New York Botanical 
Garden, although perhaps not so large, fjossesses all the more important series. 

The Carnegie Institution took up this project in 1912, but it is now twenty 
years since the authors began the study of the Cactaceae by field, greenhouse, 
and herbarium work. Perhaps no other group of plants presents so many 
difficulties to the systematic botanist as the Cactaceae, chiefly because it is 
very difficult to make herbarium specimens for preservation, and because the 
early students of this family preserved very few of their types. In other cases 
the types had been destroyed or lost. Thus many old descriptions had been 
incorrectly interpreted, plants had been wrongly identified, and such errors had 
been perpetuated. The authors, fully aware of this, made it the basis of their 
work to re-examine all the original descriptions. 

As most of the Cactaceae had been first described by European botanists, 
Rose went to study all the important herbaria and collections of living plants 

* Britton, N. L,, and Rose, J, N., The Cactaceae. Descriptions and illustrations 
of plants of the Cactus family. 4to. 4 vols, 1919-1923, 
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in Europe in 1912, visiting England, France, Germany, Belgium, Switzerland, 
and Italy. Extensive field operations in the cactus regions of both Americas 
were undertaken by the authors and their assistants, and many naturalists 
have voluntarily helped to collect material. Thus in 1013, 1914, and 1915 
the authors visited the West Indies; in 1914 Dr. and Mrs. Rose went to 
Janruiica, Panama, Peru, Bolivia, and Chile; in 1915 Rose explored the cactus 
regions of Brazil and Argentina; in 1916 those of Curacao and Venezuela; 
and in 1918 those of Ecuador. Dr. and Mrs. Britton have repeatedly 
visited the West Indies, and Shafer collected for six months in the desert 
regions of Uruguay, Paraguay, Argentina, and Bolivia. All the cactus deserts 
of Mexico and the southern and southwestern United .States had been widely 
explored before 1913 in repeated excursions by Rose. No other study of 
the Cactaccae has been based on such an extensive and comprehensive col¬ 
lection of living and dried .material, accompanied by note.s and photographs 
made in the native haunts of these remarkable plants. 

The last monograph of the Cactaceae was published by Schumann in 
1898, to which he added a supplement in .1903. His sy.stematic disposition of 
the cacti was, with some alterations, chiefly that of Salm Dyck of 1849, w^ho 
in his day had been the great authority on this family. This clas.sification was 
in many cases based on external vegetative charact ers, as flowers and fruits of 
most of the plants were then unknown. Efforts to use characters taken chiefly 
from the reproductive organs were first nruide by Engelmann, Lemaire, 
Weber, and the writer of this review, but none of them had as rich material 
or as vast field knowledge of the entire family at their command as had Britton 
and Rose. 

The result of this comprehensive study is now presented in four large 
quarto volumes, abundantly illustrated by colored plates, photographs, and 
drawings. 

In 1903 Schumann recognized al>out 800 species, which he grouped under 
20 very heterogeneous genera; while Britton and Rose descnl)e 1255 species 
under 124 genera. The number of genera may seem to be too large, and one 
might feel inclined to unite two or three here and there, yet the number would 
probably not be diminished, since one might also segregate a new genus from 
some of those described. As a rule, the genera are founded on characters of 
flowers and fruit, wdth which the vegetative characters and the geographical 
distribution agree. In fact, I regard the establishment of these new genera 
as the most important contribution, since they show in a very concise way the 
development which the family exhibits. 

The authors maintain the three principal tribes already recognized by 
former writers: Pereskieae, Opuntieae, and Cereae. The first volume 
treats of the first two tribes. The tribe Pereskieae contains but one genus, 
Pereskia, with 19 species. These plants look like ordinary trees or shrubs 
with large flat leaves, rather than cacti, for the spines are more or less concealed. 
The tribe Opuntieae is much more varied, having seven genera of various 
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habit, some resembling Pereskia^ with well formed flat leaves. The bulk of 
this tribe is included in the genus Optmtia^ which comprises 263 species, or 117 
more than were known to Schumann. It is the largest genus of the family, 
covering its whole range, and extending farther than any other genus both 
north and south toward the colder regions. Many are native to the United 
States, some extending as far north as British Columbia in the west, and 
Nantucket, Massachusetts, in the east. In its development this genus shows 
a marked uniformity in its reproductive organs, but a wide range in its vegeta¬ 
tive characters. It has always been the stumbling block to the cactus student, 
who will therefore greatly appreciate this clear treatment, which will help to 
overcome difficulties in identifying these plants. 

Volumes II-IV present the tribe Cereae, which comprises the greatest 
variety of genera and species, and is divided into eight natural subtribes. 

V^olume II contains the subtribes Ceeeanae and Hylocereanae, which 
were formerly included in the unnatural and bulky genera Cereus and Pilocerem. 
The authors divide Cereanae into 38 smaller and more natural genera. In 
this group arc the giants of the family, the huge Cereus peruvianus and its 
allies; the strange genus CephaJoccreus, of which C. senilis, covered with long 
curled white hairs, is popularly known in Mexico as the “old-man cactus 
the gigantic Pachycereus Pringlei from Sonora and Lower California, which 
reaches 11 m. in height; the even taller Pachycereus chrysormdlus and P. columnar 
trajani from Puebla and Oaxaca, Mexico; and the giant cactus of Arizona 
and southeastern California, the Carttegia gigantea. 

The subtribe Hylocereanae includes all the vinelike species with trailing, 
climbing, or pendent branches, formerly in Cereus. They invariably emit 
aerial roots on the sides of their joints. Some of them are rampant high climbers, 
and many of them produce the finest and largest flowers among plants. They 
fall into nine very natural genefa, of which Hyloccreus and Selenicereus are 
both night-blooming and have the most showy and very fragrant flowers. 
S. grandiflorus is popularly known as “queen-of-the-night.*’ 

Volume III deals with the subtribes Ecjhnocereanae, Echinocactanae, 
and Cactanae, which contain most of the smaller forms, many of which 
are one-jointed. The first subtribe includes the North American genus 
Echinocerem, which extends from Mexico into the western United States, and 
as far north as Wyoming and Utah. They are all low plants, simple or branched 
at base, mostly with beautiful flowers, which easily grow and flower in cultiva¬ 
tion as pot plants. Britton and Rose describe several new species, so that 
the genus now numbers 60 species, whereas Schumann had only 38 species. 
The other genera of this subtribe are all South American, usually with globular 
bodies, often growing in clumps, and in many cases having beautiful and highly 
colored flowers. They were included by former authors under various incon¬ 
gruous genera, while the new genera here proposed are most natural and concise. 
Some of these genera, particularly Echimpsis, have been known in cultivation, 
while the little red-flowered Chamaecereus silvestri and the little round-bodied 
Rehutia minuscula are recent introductions from Argentina, 
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The sub tribe Echinocactanae is divided into 28 small genera, mostly 
made at the expense of the old heterogeneous genus Echinocaclus. Salm-Dyck 
was dissatisfied with this genus, but despite several attempts made later to 
modify it, Schumann still retained it. It is impossible in a short review to 
enter further into the details of these 28 genera. Suffice it to say that they 
seem well founded, although I would have divided Ariocarpus into two, and I 
regret that the rules of nomenclature obliged the authors to employ such an 
ugly sesquipedalian name as Echhiofossulocactus, for which Schumann’s 
subgeneric name Sienocactus would be preferable if allowable. Some of the 
giants of this subtribe are retained under Echinocaclus as established ])y Link 
and Otto in 1827; here belong E. grandis, E. ingens, and E. visnaga, 50-100 cm. 
in diameter, and often 1-3 m. high. 

The dwarfs of this subtribe are Epilkelantha micrameris from western 
Texas and northern Mexico, and the eight species of Frailca, all natives of South 
America, some of them only i cm. in diameter. Of great biological interest is 
Lophophora Williamsii, which during its resting period sinks almost entirely 
into the ground and hides itself under the dust until the rainy season sets in, 
swelling it up and washing it clean, so that it reappears above ground and opens 
its small pink flowers. It is devoid of spines. Of great interest also arc the 
representatives of Ariocarpus, with their horny and in some species fissured 
epidermis, which makes them look much like the surrounding stones where they 
grow, and which often nearly cover them. /I. fissuraius is said to be easily 
overlooked among the rocks when not in flower. Some of the species are often 
called rock cactus. This is a case of parallelism shown in the mimicry of a 
number of species of Mesembrianthemum in South Africa. 

Of the subtribe Cactaceae, Cactus, or Melocactiis as it was commonly 
called by former authors, is popularly known as “Turk’s cap,” alluding to the 
cylindrical flower and fruit bearing cephalium on the top of the plant body. 
These species, which arc very common in the West Indies, are extremely 
variable, and an almost incredible number of so-called species had been 
described, but happily the authors, after a careful study in the field, chiefly 
by Britton, were able to reduce the number of real species to 18. They range 
from Brazil to the West Indies on the east, and from Peru through Central 
America to southern Mexico on the west. 

Volume IV concludes the tribe Cereae with the last three subtribes. 
The subtribe Corypiianthanae contains 14 genera, and is built up partly 
from the Echinocaclus and Mammillaria of older authors. These plants, with 
a few exceptions, have globular bodies, and small but brightly colored flowers, 
and many of them are favorites among amateur cactus growers. Unfortunately, 
because the old familiar name Mammillaria is a homonym of a genus of Algae, 
it had to be changed. It is named Neomammillaria. Despite the fact that a 
large number of species were taken out of the old genus Mammillaria, of which 
SaiUMANN knew 105, so many new species have been added that in this much 
more restricted sense Britton and Rose recognize 150, the bulk of which (122) 
are native of Mexico. 
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The subtribe Epiphyllanae contains mostly epiphytic plants, often with 
flat, leaflike, and spineless joints, and some with very showy flowers, of which 
Zygocactus and Epiphyllum (the PhyUocactus of Schumann and other authors) 
are much grown stove plants. The critical treatment of this subtribe is 
especially interesting, and many new facts are recorded. 

The eighth and last subtribe, Rhipsalidanae, is divided into 8 genera 
mostly new or revived. They are almost all graceful epiphytes, with small 
and usually white flowers. The student of the very difficult genus EhipsaHs 
will be glad to see almost every species illustrated. 

An extended appendix enumerates a great amount of additional data, 
including a number of new species, and even two new genera, which were 
discovered while the volumes were passing through the press. A very careful 
and complete index covers 28 pages, with four columns to the page, and contains 
about 10,000 plant names. 

Except for Engelmann^s classical publications on the Cactaceae, no 
comprehensive study of this family, almost exclusively American in its origin, 
had come from America. The Carnegie Institution and the authors deserve 
great credit and the thanks of botanists for presenting such a full and attractive 
account of these remarkable plants.—^A. Berger. 

Age and area 

Among the theories propounded during the past two decades to account 
for the facts of plant distribution, none has attracted more attention than the 
*‘age and area^’ hypothesis of Willis. Formulated in 1915, it has been elabo¬ 
rated in a series of publications appearing from time to time as the author^s 
studies have progressed and new data have been accumulated. This journal 
has noted the gradual development of the theory,* and now welcomes a volume 
in which the substance of previous articles is brought together in organized and 
concise form.^ 

WiLUS states the theory as: ‘‘The area occupied at any given time, in any 
given country, by any group of allied species at least ten in number, depends 
chiefly, so long as conditions remain reasonably constant, upon the ages of the 
species of that group in that country, but may be enormously modified by the 
presence of barriers such as seas, rivers, mountains, changes of climates from 
one region to the next, or other ecological boundaries, and the like, also by 
the action of man, and by other causes.^* 

The present position of the theory is discussed in the first part of the book, 
particularly in a chapter contributed by GuppV. Among the points emphasized 
as fundamental are the origin of each species in one limited area, and its migra- 

*Rev. in Bot, Gaz. 6x:82‘-83, 1916; 6 a:i6o-i6i. 1916; 63:4x9-420. 1917; 
65:116-117. 19x8; 65:486, 1918; 70:324-325. J920. 

i Willis, J. C., Age and area: a study in geographical distribution and origin of 
species. 8vo. pp. vii-f2S9. London: Cambridge Univ. Press. 1922. 
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tion from the small area to a larger; the relative slowness of this migration 
and the general similarity of the results under somewhat similar conditions; the 
rapid spread of introduced species usually due to the changes of conditions that 
have been made by man; and the fact that acclimatization under natural 
conditions extends over vast periods of time with very small steps leading to 
vastly different conditions. 

Recognizing these conditions, it is shown that predictions based on the 
hypothesis have been verified. It is also evident that most of the objections 
that have been urged against the theory are due to misunderstandings of its 
terms or to the neglect of some of its qualifications. One of the most common 
errors has been to show that it fails when applied to one or two species, while 
the author distinctly states that it is to be applied to groups of ten or more. 

The second part of the volume opens with an extension of the main hypoth¬ 
esis under the name ‘‘size and space.” This may be expressed as “on the 
whole, keeping within the same circle of affinity, a group of large genera will 
occupy more space than a group of small. The space occupied wDl vary more 
or less with the number of species.” In a chapter by Small it is shown that 
in the Compositae the average generic area and the average number of species 
per genus vary together, and are closely related to absolute age. Mrs. Reid 
contributes a chapter in which paleobotanical evidence is advanced which is 
favorable to the age and area hypothesis, and in another deVries shows that 
it harmonizes perfectly with and indeed depends upon the origin of species by 
mutation. 

Other topics as indicated by chapter headings are endemism and distribu¬ 
tion, monotypic genera and genera of larger size, the hollow curve of distribution, 
the applicability of age and area to animals, and the origin of species. 

In a more recent papers are replies to certain criticisms that have been 
made, the principal ones being based on the failure of the critics to realize that 
the theory cannot be applied to less than ten allied species at once, and the 
view that endemic forms are chiefly relics. In reply Willis asserts that 
although relic endemics are common, they are quite lost in the crowd of initials. 
It is shown that the nearer an island is to the mainland, the larger the proportion 
of monotypes among its endemics, a phenomena which is difficult to explain if 
endemics are mostly relics. In spite of the logical nature of these replies, it 
seems to the reviewer that too little weight has been given to relic endemism, 
and insufficient account taken of the dying out of species. This, however, 
would not invalidate the theory as a whole, nor prevent its application to most 
regions of the world. Willis is certainly to be commended for the vast 
quantity of data upon which his hypothesis has been founded, and for its 
stimulating effects upon studies of geographical distribution.— Geo. D. Fuller. 

^ Willis, J. C., Age and area: a reply to criticism with further evidence. Ann. 
Botany 37: 1923. 
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The pharmacists’ botany 

Botany is a many sided science, and many textbooks have been written 
attempting to meet the need of students of plant life. One group of students, 
however, has been neglected hitherto, but their needs are now met by Rigg,* 
who has prepared a textbook of botany for the students of pharmacy. The 
book reminds us that once botany was mainly a study of drug plants, and that 
physicians were the chief botanists. 

The book is very readable, but quite elementary, testifying to the grade 
of requirements demanded of pharmacists so far as botany is concerned. 
It might very well be used with high school students, except for the scientific 
nomenclature of drug plants. From much of the text one feels that after aU 
what is wanted is a knowledge of the same facts about plants that the student 
obtains from any other good elementary textbook of botany, but it gets its 
pharmaceutical flavor by having the examples and illustrations taken from the 
list of drug plants in the U.S.P., and by a very brief paragraph at the end of 
each chapter, bearing some such title as “some pharmaceutical buds,” “some 
pharmaceutical leaves,” etc., so that the student will know that he is really 
getting something that will help him in pharmacy. 

The text is organized into three parts. Part I Ls devoted to seed pkints, 
with chapters on organs, the cell, plant names, leaves, stems, buds, roots, 
physiological processes, flowers, seeds, fruits, life histories, and the classification 
of seed plants. The last of these chapters is unique in consisting mainly of a 
list of about thirty-four pages of official and unofficial drugs from the various 
families of seed plants. I’art II deals with spore plants, and contains cliaptcrs 
on thallophytes, bryophytes, and pteridophytes. Part III, on some other 
phases of pharmacy botany, considers ecology, propagation, and breeding as 
subjects contributory to the growing of drug plants. 

The appendices present an outline of the plant kingdom, and a set of 
botanical synonyms of the common names used. An unusually full index 
enables one to locate all the references to each plant mentioned in the text. 
As the author has had fourteen years of .successful experience in teaching botany 
to pharmacy students, the book should commend itself to others who are 
engaged in similar work. Students will find it entertaining and instructive, 
and the text surely does not demand too much of them.—C. A. Shull. 

MINOR NOTICES 

Vegetation maps.—^The lack of adequate and accurate maps of the vegeta¬ 
tion of the world has been appreciated and deplored by all ecologists and plant 
geographers. These workers will therefore welcome certain recent additions 
as indicative of actual progress. Goode’s® School Atlas contains a number of 

sRigg, G. B., The pharmacists’ botany. 8vo. pp. xvii-i-303. New York: 
Macmillan Co. 1924. 

® Goode, J. P., School atlas; physical, political, and economic, pp. xii-f 4t* 
96 plates of maps. Chicago and New York: Rand McNally and Co., 1923. 
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such maps, including one of the vegetation of the world after Schimper. 
It is a decided improvement on the original, and if the coastal strip of rain 
forest in eastern Africa could be transferred to the corresponding coast of 
South America, it might be regarded as quite satisfactory. In the same 
publication is a map of the vegetation of the United States and Canada. The 
plant covering of the former country is accurately and carefully delimited by 
SiiANTZ and Zon of the United States Department of Agriculture, but the 
utility of the entire map is almost destroyed by the errors in the Canadian 
portion. A long strip of forest characterized by chestnut and chestnut-oak 
extends from Toronto and along both sides of the St. Lawrence River to 
the Gaspe peninsula. This is very misleading, for there is certainly not a tree 
of either species to be found in the Province of Quebec. Then the coincidence 
between the boundary line which separates Maine and New Brunswick and 
that which divides two forest formations is as absurd as it is erroneous. The 
two countries arc parts of one physiographic and phytogeographic unit, arti¬ 
ficially separated by an international boundary line determined by political 
compromise. 

Perhaps the most important of the recent phytogeographic maps is one of 
Africa, prepared by Shantz’ for the use of the “American Commission to 
Negotiate Peace.” The wealth of material reviewed and digested in producing 
this map and the accompanying descriptive text is indicated by a bibliography 
of 400 citations. The vegetation is classified along ecological lines into twenty- 
one types or formations, among which tropical rain forest, various savannas, 
and deserts are most conspicuous. These formations arc represented on the 
map in a manner that results in easy legibility. Accompanying the vegetation 
map are others of rainfall distribution, soil, and land classification. 

A minor contribution has been made to our knowledge of the vegetation of 
St)uth America in a map of Peru by Wf.berbauer,* on which the distribution 
of twent}'-five association types is delimited. The accompanying text has 
brief descrii)tions of these types.— Geo D. P'uller. 

Determination of hydrogen ions.—^The second edition of this excellent 
treatise’ reflects in part the rapid advances made in hydrogen ion concentration 
studies during the several years since the appearance of the first edition. I'he 
book has been revised where necessary, and some slight changes of organization 
have been made. Thus the first and eleventh chapters have each been divided 
into two, increasing the total number of chapters to twenty-one. The chapter on 
the choice of indicators has been much enlarged, and the chapters dealing with 

^SuAXTz, H. L., and Marbitt, C. F., The vegetation and soils of Africa, 
pp. 263. pis. J.figs. 50. New York: Amer. Geogr. Soc. Research Series no. 13. 1923. 
$5.00. 

® Webkrbaukr, August, Die Vegetationskarte der peruanschen Anden zwischen 
5® und 17® S. Petermanns Geogr. Mitteil. 68:89-91, 120-122. map. 1922. 

’ Clark, W. M., The determination of hydrogen ions. Svo. pp. 480. Baltimore: 
Williams & Wilkins. 1923. 
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approximate determinations of hydrogen ion concentration, hydrogen electrodes, 
and calomel electrodes are somewhat more extensive. IV'o tables have been 
added to the appendix, giving the standard values for calomel electrodes, 
and the relation of H-f to Ph. The literature citations occupy about forty 
pages in this edition. 

The book is well made, and the author and publishers are making a valuable 
contribution to the advancement of research by keeping this invaluable manual 
up-to-datc.—C. A. Shull. 

NOTES FOR STUDENTS 

The primitive spindle.—B owers® has published his conception of the 
significance of the ‘‘primitive spindle” in the cmbr>^ology of the plant kingdom, 
unifying all the groups, from algae to seed plants. According to this view, the 
first cleavage of the zygote defines the polarity of the embr>^o, always being at 
right angles to the axis connecting the two |X)Ies. This cleavage results in 
“a spindle-like structure, and the term primitive spindle may be applied to 
it.” It is stated that “comparison of plants in the embryonic state shows that 
a filamentous or spindle-like structure, with polarity defined by the very first 
embryonic cleavage, is common for them all.” The relations to the primitive 
spindle of the various organs of the different groups arc given in detail. For 
example, “the first root of all Ptcridophytes that have a suspensor is clearly 
lateral. It projects from the side of the primitive spindle, and is not itself a 
part of it.” In this way the different organs arc interpreted, and the embr>^- 
ology throughout the whole plant kingdom referred to one fundamental organi¬ 
zation.—J. M. C. 


Fertilization in cotton.—K earhey** has investigated the problem of crossing 
and selfing in cotton, especially with the Pima variety of Egyptian cotton, 
although comparisons with upland cotton are included. The experiments 
were conducted at Sacaton, at the Pima Indian Agency in southern Arizona, 
and extended through eight years. He finds that, although the cotton flower 
is well adapted to cross pollination, most of the ovules are usually self-fertilized, 
the percentage of hybrids produced when two distinct varieties are grown side 
by side being small. He also investigated the structure and later ontogeny of 
the flower, the deposition of self pollen and foreign pollen upon the stigmas, 
and the competition of the two kinds of pollen. The bulletin is an interesting 
addition to the literature of twllination.—^J. M. C. 

» Bower, F. 0 ., The primitive spindle as a fundamental feature in the embryology 
of plants. Proc. Roy. Soc. Edinburgh 43^1-36. figs, 26, 1922. 

” Kearney, T. H., Self-fertilization and cross-fertilization in Pima cotton. U.S. 
Dept. Agric. Bull. 1334. pp. 68 . 1923. 
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